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THE  LITTORAL  CRUSTACEAN  FAUNA  OF  THE 
GALAPAGOS  ISLANDS* 

By  Lee  Boone 
Part  II. — Anomura 
(Figs.  1-19  incl.) 

Introduction 

Prior  to  the  Harrison  Williams  Galapagos  Expedition  in  1923,  and  the 
Arcturus  Oceanographic  Expedition  in  1925,  both  of  which  were  under  the 
directorship  of  Dr.  William  Beebe,  sent  out  by  the  Department  of  Tropical 
Research  of  the  New  York  Zoological  Society,  the  known  littoral  Anomuran 
fauna  of  the  Galapagos  Archipelago  consisted  of  four  species, — two  hermit 
crabs,  the  terrestial,  flat-eyed  Coenobita  compressus  (Guerin)  and  the  marine 
Pagurus  purpuratus  (Benedict),  a sand-burrower,  Hippa  denticulatifrons  Miers 
and  an  elfin  crab,  Petrolisthes  edwardsi  (Saussure). 

Three  of  the  above-cited  species  were  taken  by  William  Beebe,  while 
directing  the  Williams  Galapagos  Expedition  and  eleven  more  species  were 
added  to  this  faunal  area,  five  of  which  are  new  to  science. 

The  Arcturus  Oceanographic  Expedition  secured  fourteen  species  of  littoral 
Anomurans  in  the  Galapagos  Islands,  including  representatives  of  all  the  known 
fauna  except  Pagurus  purpuratus  (Benedict)  which  is  known  only  from  the 
holotype.  Of  these  species,  one,  Coenobita  compressus , is  a representative  of  the 
land  fauna,  but  the  abundance  of  ovigerous  females  taken  along  the  intertidal 
zone  both  at  Galapagos  and  Cocos  Island  by  Dr.  Beebe,  establish  evidence 
supporting  the  belief  that  this  species  visits  the  reefs  in  breeding  season.  Two 
new  genera  and  four  new  species  of  marine  hermits  were  taken,  namely,  Nympa- 
gurus  galapagensis,  Galapagurus  teevanus,  Calcinus  explorator  and  Clibanarius 
chetyrkini.  Pagurus  calif  or  niensis  Benedict  and  P.  benedicti  Bouvier,  heretofore 
known  only  from  the  West  Coast  of  America,  were  also  taken  in  Galapagos. 
When  it  is  recalled  that  these  four  new  species  of  hermits  as  well  as  represen- 
tatives of  the  known  species  were  all  secured  at  station  54,  Gardner  Bay,  off 
Hood  Island,  in  two  and  one  half  fathoms  of  water,  from  a coral  rock  bottom 
area  approximately  five  by  seven  feet,  the  richness  of  the  littoral  crustacean 
fauna  of  the  Galapagos  will  be  better  appreciated.  The  widely  distributed 
“sand-bug,”  Hippa  denticulatifrons,  was  also  taken  at  this  and  other  stations, 
by  the  expedition. 

Of  the  elfin  crabs,  six  known  and  one  new  species  were  secured,  namely 
representatives  of  Petrolisthes  edwardsi  and  P.  cinctimanus,  P.  armatus , P. 
eriomerus,  P.  galathinus  and  P.  amoenus  (Guerin) ; P.  armatus  and  P.  eriomerus 
hitherto  known  from  the  Lower  Californian  region  being  here  recorded  for  the 
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first  time  from  the  Galapagos  Islands,  while  P.  galathinus  and  P.  amoenus, 
known  from  the  West  Indies,  are  likewise  added  to  the  Galapagan  fauna.  The 
new  species  is  Pisosoma  aphrodita.  The  new  elfin  crab  was  also  taken  at  station 
54. 

The  present  paper  comprises  the  second  instalment  of  my  study  of  the 
littoral  crustacean  fauna  of  the  Galapagos  Islands  as  defined  in  Part  One.  A 
description  and  illustration  of  every  species  of  Anomuran  Crustacean  known 
from  the  littoral  zone  of  the  Galapagos  is  presented,  including  descriptions  and 
figures  of  larval  forms  of  three  species  of  Porcellanids,  which  latter  appear  to 
be  the  first  American  Anomuran  megalops  described.  In  only  one  instance  has 
it  been  necessary  to  quote  the  original  description,  namely,  Dr.  Benedict’s 
Pagurus  purpuratus. 

The  line  drawings  were  made  by  Mrs.  Helen  Ziska  except  figure  4,  made  by 
Mrs.  E.  Thane. 

The  photographs  were  made  by  Mr.  Floyd  Crosby,  except  that  of  P. 
purpuratus,  received  through  the  courtesy  of  the  United  States  National 
Museum. 

Mr.  Serge  Chetyrkin,  preparator  of  the  Tropical  Research  Station,  has 
rendered  invaluable  assistance  in  the  careful  preliminary  separation  of  the 
Arcturus  collection  of  Crustacea.  I am  especially  indebted  to  him  for  calling 
my  attention  to  one  of  the  Anomuran  megalops,  which  he  found  while  searching 
the  plankton. 

The  authorities  in  charge  of  the  American  Museum  of  Natural  History, 
have  kindly  granted  me  the  full  privileges  of  study  in  the  Department  of  Lower 
Invertebrates. 

As  in  the  preparation  of  part  one  of  this  report  I am  deeply  indebted  to 
Dr.  William  Beebe,  Director  of  the  Tropical  Research  Station,  for  his  unfailing 
generosity  in  granting  me  every  facility  and  encouragement  in  this  work. 

List  of  Species  Described  in  this  Paper 


Order  DECAPODA 
Tribe  ANOMURA 
Family  Paguridae 
Genus  Pagurus 

Pagurus  benedicti  (Bouvier) . 5 

Pagurus  purpuratus  (Benedict) 7 

Pagurus  calif  or  niensis  (Benedict) 9 

Genus  Galapagurus,  gen.  nov. 

Galapagurus  teevanus,  sp.  nov 12 
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List  of  Species — Continued. 

Order:  Decapoda 
Tribe:  Anomura 
Family  Paguridae 
Genus  Nympagurus,  gen.  nov. 

Nympagurus  galapagensis,  sp.  nov 17 

Genus  Calcinus 

Calcinus  explorator  sp.  nov 21 

Family  Coenobitidae 
Genus  Coenobita 

Coenobita  compressus  (Guerin) 25 

Genus  Clibanarius 

Clibanarius  chetyrkini  sp.  nov 29 

Family  Porcellanidae 
Genus  Petrolisthes 

Petrolisthes  armatus  (Gibbes) 35 

Petrolisthes  edwardsii  (Saussure) 39 

Petrolisthes  amoenus  (Guerin) 41 

Petrolisthes  galathinus  (Bose) 45 

Petrolisthes  cinctipes  (Randall) 49 

Petrolisthes  eriomerus  Stimpson 52 

Genus  Pisosoma 

Pisosoma  aphrodita  sp.  nov 53 

Family  Hippidae 
Genus  Hippa 

Hippa  denticulatifrons  (Miers) 58 

Family:  Paguridae 

Key  to  the  Galapagos  genera  of  the  Family  Paguridae 

A.  Chelipeds  rarely  subequal,  the  left  usually  the  larger;  fingers  moving  in  a 
vertical  plane,  corneous  at  tips,  spoon-excavate.  Carapace  not  rostrate. 

Pagurus 

B.  Chelipeds  strikingly  unequal,  the  great  cheliped  has  the  carpus  and  propodus, 
which  latter  is  conspicuously  larger  than  the  entire  carapace,  bent  inward 
from  the  carpal  base  at  approximately  an  obtuse  angle  to  the  proximal 
portion  of  the  leg;  the  propodus  (of  the  only  species  so  far  known)  is  five- 
sevenths  as  high  as  long,  with  the  outer  face  decidedly  convex  and  the  inner 
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face  with  a bowl-like  concavity  which  is  deepest  proximally.  Carapace  with 
a prominent  rostral  and  part  of  well  developed  median  lateral  projections. 

Galapagurus 

C.  Chelipeds  strikingly  unequal,  propodus  of  the  great  cheliped  sharply  de- 

flected near  the  base,  the  outer  surface  flat,  with  the  contour  of  its  outer  lateral 
margin  convex,  tapering,  and  that  of  its  inner  lateral  margin  but  little 
curved,  each  margin  armed  with  spine-like  teeth.  Propodus  and  carpus  of  the 
small  cheliped  similarly  sharply  deflected  about  midway  the  carpus  and 
lying  closely  appressed  to  the  side  of  great  cheliped.  Carapace  with  frontal 
margin  slightly  sinuate,  rostrum  vague Nympagurus 

D.  Chelipeds  unequal,  the  left  the  larger.  Fingers  moving  in  a vertical  plane, 
calcareous  at  tips,  spoon-excavate.  Carapace  with  a small  point  as  rostrum. 

Calcinus 

Genus  Pagurus 

Key  to  the  Galapagos  species  of  the  Genus  Pagurus 

I.  External  maxillipeds  widely  separated  at  base.  Right  cheliped  larger  than 
the  left.  Fourth  pair  of  legs  subchelate. 

A.  Propodus  of  great  cheliped  with  a long  oval  contour;  the  maximum 

width  being  equal  to  half  the  length  of  the  propodus;  the  dorsal 
surface  is  but  little  convex  and  is  armed  with  long,  spike-like  teeth 
which  are  arranged  in  five  approximately  longitudinal  rows,  two  of 
which  are  marginal,  two  just  inside  the  margin,  and  one  median; 
there  are  also  a few  irregularly  placed  spines  but  no  granules  between 
the  rows;  propodus  setiferous.  Carapace  with  the  frontal  margin 
blunt,  slightly  sinuate benedidi 

B.  Propodus  of  large  cheliped  with  a symmetrical  outline  and  fringed 

from  the  tips  of  the  fingers  to  the  wrist  with  blunt  spines.  Those 
on  the  outer  margin  originate  on  the  lower  surface  and  project  on  the 
upper  surface.  A strong  ridge  extends  from  the  tip  of  the  dactyl 
backward  to  the  wrist.  Entire  upper  surface  of  hand  paved  with 
large,  flattened  compound  granules  which  appear  to  be  hemispherical 
and  a little  elevated  above  the  true  surface,  often  showing  irregularly 
shaped  fissures  between  them.  The  tubercles  on  the  inner  margin 
of  the  propodus  are  not  so  thickly  set  as  on  the  outer  margin.  The 
median  projection  of  the  front  is  rendered  sharp  by  a rostral  point 
which  originates  on  the  upper  surface  and  extends  beyond  the  margin. 
The  triangular  lateral  projections  are  not  armed  with  a spine  (after 
Benedict) purpuratus 

C.  Propodus  of  great  cheliped  suborbiculate,  smooth;  about  five  times  as 

wide  as  that  of  the  small  cheliped;  which  is  exceedingly  feeble.  Dactyli 
of  the  first  and  second  ambulatories  shorter  than  the  propodi  of  the 
same.  Rostral  point  acute,  lateral  projections  angulate  but  less 
prominent calif  or  niensis 
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Fig.  1.  Pagurus  benedicti  (Bouvier);  outer  side  of  cheliped;  dorsal  view  of  carapace. 
Both  enlarged. 


Pagurus  benedicti  (Bouvier). 

Eupagurus  minutus  Benedict,  1892,  Proc.  U.  S.  Nat.  Mus.,  XV, 
p.  14. 

Eupagurus  benedicti  Bouvier,  1898,  Bull.  Mus.  Nat.  Hist.  Nat., 
Paris,  IV,  p.  381.  (Notes  that  E.  minutus  Hess,  a different 
species  has  priority  to  the  name.) — Rathbun,  1910,  Proc.  U.  S. 
Nat.  Mus.  XXXVIII,  p.  557,  pi.  XLVIII,  fig.  1.— Boone,  Bull. 
Amer.  Mus.  Nat.  Hist.,  63,  p.  143,  fig.  1,  1931.  (In  press.) 

Name. — Named  in  honor  of  Dr.  James  E.  Benedict,  who  first  described  the 
species. 

Diagnostic  Characters. — Carpus  and  propodus  of  great  cheliped  armed  with 
five  longitudinal  rows  of  sharp  spines,  also  a few  scattered  spines,  these  rows 
being  continuous  on  the  fingers. 

Type. — Dr.  Benedict’s  type,  a very  young  adult,  was  collected  in  the  Gulf 
of  California  and  is  deposited  in  the  United  States  National  Museum. 

Galapagos  Distribution.- — Arcturus  station  54,  Gardner  Bay,  Hood  Island, 
Galapagos  Islands,  2 Yi  fms. 
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General  Distribution. — Gulf  of  California  southward  to  Peru,  also  Galapagos 
Islands. 

Material  examined. — One  male,  two  ovigerous  females  and  one  very  young 
specimen,  from  Arcturus  station  54,  hidden  in  coral  rock  crevices,  from  23^  fms. 

Technical  Description. — Approximate  body  length  from  tip  of  rostrum  to 
tip  of  telson  uncoiled  11  mm.;  carapace  4.5  mm.  long,  3 mm.  wide  at  anterior 
margin,  great  cheliped  9.5  mm.  long. 

Carapace  with  anterior  margin  blunt,  slightly  sinuate.  Anterior  region  of 
carapace  with  soft  semicalcareous  plate  which  has  the  lateral  margins  decidedly 
convex  anteriorly,  but  narrowing  and  converging  posteriorly;  the  posterior 
region  of  the  carapace  is  membraneous  and  forms  two  large  convex  lobes. 

The  ocular  peduncles  are  not  quite  as  long  as  the  width  of  the  anterior 
margin  of  the  carapace  and  are  cylindrical;  the  cornea  are  subspherical,  terminal, 
not  at  all  dilated,  composed  of  rather  large  hexagonal  facets.  The  ocular  scale 
is  small,  separated  by  a distance  equal  to  its  basal  width  from  the  other  scale, 
with  the  lateral  margins  convex,  the  inner  distal  area  produced  to  a triangulate 
apex  and  the  outer  distal  area  excavate  and  not  produced. 

The  internal  antennae  have  the  peduncular  joints  slender,  cylindrical,  the 
distal  one  being  gradually  dilated  distally  and  extending  slightly  beyond  the 
cornea;  the  flagellum  is  typically  small,  biramose,  extending  almost  to  the 
distal  margin  of  the  carpus  of  the  cheliped. 

The  external  antennae  have  the  basal  joint  about  two-thirds  as  wide  as 
the  eyestalk  and  produced  to  a rather  broad  triangular  tooth  on  its  outer  distal 
border;  the  inner  distal  margin  is  truncated  and  supports  the  long  slender 
sickle-shape  acicule  which  has  the  apex  outward-directed,  finely  serrate,  and 
reaching  to  the  base  of  the  cornea;  the  inner  lateral  margin  and  distal  end  are 
fringed  with  long  stiff  setae;  the  second  and  third  joints  are  stocky,  the  fourth  is 
long,  slender,  cylindrical,  reaching  to  the  base  of  the  cornea,  the  flagellum  is 
composed  of  about  45  annulations  and  is  slightly  longer  than  the  first  ambulatory 
leg. 

The  external  maxillipeds  are  well  separated. 

The  chelipeds  are  unequal,  the  right  is  much  the  larger.  It  has  the  proximal 
joints  small,  the  ischium  is  produced  to  a long  acuminate  point  which  reaches 
almost  half  the  length  of  the  merus;  the  merus  is  of  moderate  length,  trigonal, 
narrow  basally  and  widening  distally;  the  carpus  is  almost  as  long  as  the  merus, 
narrow  basally  widening  distally,  its  distal  width  being  four-fifths  of  its  length; 
the  upper  carpal  surface  is  broad  but  little  convex  and  armed  with  several 
longitudinal  rows  of  sharp  spinelike  teeth,  which  are  continuous  with  similar 
rows  of  spines  on  the  propodus.  The  propodus  is  about  twice  as  long  as  the 
carpus,  the  palm  and  fingers  each  being  about  as  long  as  the  carpus;  the  contour 
of  the  propodus  is  a long  oval,  the  maximum  width  being  equal  to  almost 
half  the  length  of  the  propodus;  the  dorsal  surface  of  the  propodus  is  but  little 
convex  and  is  armed  with  long,  spike-like  teeth  which  are  arranged  in  five 
approximately  longitudinal  rows,  two  of  which  are  marginal,  two,  submarginal 
and  one  median,  there  are  also  a few  irregularly  scattered  spines  present  between 
these  rows.  The  propodal  finger  is  slightly  wider  basally  than  the  fixed  finger 
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but  they  are  otherwise  similar,  slightly  gaping,  with  the  cutting  edges  each 
furnished  with  a few  large  teeth,  the  distal  parts  curved  and  meeting.  The 
rows  of  spines  on  the  palm  are  continuous  on  the  fingers,  the  hinged  having  a 
marginal,  and  a submarginal  row,  while  the  propodal  finger  has  a marginal  and 
two  inner  rows  of  spines;  both  the  carpus  and  propodus  are  furnished  with 
numerous  long  setae,  those  near  the  margins  being  heavier. 

The  first  and  second  pairs  of  ambulatory  legs  are  subequal  and  those  of 
the  right  and  left  sides  are  equal  to  each  other.  Each  has  the  ischium  compressed, 
three-fourths  as  long  as  the  merus;  the  merus  is  long,  convex  on  its  upper  sur- 
faces; the  carpus  is  similar  but  only  two-thirds  as  long  as  the  merus;  the  propodus 
is  compressed  cylindrical,  tapering  distally;  about  twice  as  long  as  the  carpus; 
the  dactyl  is  very  slender,  decidedly  compressed,  a trifle  longer  than  the  propo- 
dus, curved  and  tapering  distally  to  a sharp  horn-colored  tip;  the  ventral 
margin  is  armed  with  a series  of  seven  acicular  but  smaller  horn-colored  spines 
and  the  anterior  lateral  face  is  armed  with  a similar  row  of  spines.  Both  the 
dorsal  and  ventral  margins  of  the  merus,  carpus,  propodus  and  especially  the 
dactyl  are  fringed  with  conspicuous  long  setae. 

The  fourth  pair  of  legs  are  subchelate,  the  propodus  being  squarish  with 
the  distal  margin  slightly  rounded,  the  distal  third  of  the  dorsal  surface  covered 
with  squamae,  the  dactyl  arises  from  the  anterior  laterodistal  angle  and  is 
slightly  longer  but  less  than  half  the  width  of  the  propodus;  the  dactyl  terminates 
distally  in  a distinct  curved  spine  and  is  armed  along  its  convex  lateral  border 
with  a large  brush  of  setae. 

The  fifth  legs  are  typically  small,  bent  and  chelate;  the  male  paired  genital 
apertures  are  subcircular  orifices  on  the  coxal  joints. 

The  abdomen  is  small,  asymmetrical,  coiled,  membraneous,  with  four 
biramose  appendages  on  one  side  only  (one  each  on  the  second,  third,  fourth 
and  fifth  segments);  the  last  segment  is  squarish,  calcareous;  the  telson  is 
transversely  segmented,  the  proximal  portion  being  but  little  more  than  half 
the  length  of  the  distal  portion  and  having  its  distal  margin  produced  to  a 
rounded  median  process  on  either  side  of  which  the  margin  is  recurvate;  the 
distal  portion  of  the  telson  is  cut  midway  its  lateral  margins  by  an  incision  on 
each  side;  there  is  a similar  median  incision  on  the  distal  border  which  latter  is 
asymmetrically  produced  each  lobe  being  armed  with  distinct  spines  along  the 
margin.  The  rhipidura  offer  no  specific  features. 

Pagurus  purpuratus  (Benedict). 

Eupagurus  purpuratus  Benedict,  Proc.  U.  S.  Nat.  Museum,  vol. 

XV,  p.  15,  1892. 

Diagnostic  Characters. — Propodus  of  large  cheliped  with  a symmetrical 
outline  and  fringed  from  the  tips  of  the  fingers  to  the  wrist  with  blunt  spines. 
Those  on  the  outer  margin  originate  on  the  lower  surface  and  project  on  the 
upper  surface.  A strong  ridge  extends  from  the  base  of  the  propodus  to  the 
tip  of  the  dactyl.  Entire  upper  surface  of  propodus  paved  by  large,  flattened, 
compound,  hemispherical  granules  separated  by  pits.  A sharp  rostral  point 
arises  on  the  upper  surface  and  extends  beyond  the  margin. 
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Fig.  2.  Pagurus  purpuratus  (Benedict);  A,  dorsal  view  of  type;  B,  profile  of  same;  C, 
side  view  of  cbelipeds.  All  enlarged.  Photograph  by  U.  St  National  Museum. 


Type. — This  species  was  described  from  a single  specimen  from  the  Gal- 
apagos Islands  and  is  deposited  in  the  United  States  National  Museum. 
Galapagos  Distribution. — Galapagos  Islands  (type-locality). 

General  Distribution. — Galapagos  Islands. 

The  following  is  the  original  description  of  the  species: 

Technical  Description. — “The  median  projection  of  the  front  is  rendered 
sharp  by  a rostral  point  which  originates  on  the  upper  surface  and  extends 
beyond  the  margin.  The  triangular  lateral  projections  are  not  armed  with  a 
spine.  The  eye  stalks  are  stout  and  long.  The  eye  scales  are  acute,  concave, 
and  have  a prominent,  slender,  subterminal  spine.  The  lateral  projection  of 
the  second  article  of  the  antennal  peduncle  is  long  and  is  conspicuously  armed 
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with  spines  on  its  inner  margin.  The  peduncle  is  but  little  if  any  longer  than 
the  eye.  The  acicle  is  setose  and  much  shorter  than  the  eye.  The  peduncle 
of  the  antennula  is  much  longer  than  the  eye. 

The  carpus  of  the  large  hand  widens  out  evenly  from  the  merus,  making 
the  outline  straight;  outer  margin  unmarked  by  special  line  of  granules  or 
spines;  inner  margin  defined  by  a row  of  five  or  six  spines  which  are  very  sharp 
and  point  forward;  upper  surface  coarsely  granulated.  The  hand  has  a sym- 
metrical outline  and  is  fringed  from  the  tips  of  the  fingers  to  the  wrist  with 
blunt  spines.  Those  on  the  outer  margin  originate  on  the  lower  surface  and 
project  above  the  upper  surface.  A strong  ridge  beginning  at  the  tip  of  the 
dactyl  runs  backward  and  is  continued  on  the  manus  and  ends  at  the  wrist.  The 
whole  upper  surface  of  the  hand  is  paved  with  large  flattened  compound  granules. 
These  granules  seem  to  be  hemispherical  and  a little  elevated  above  the  true 
surface,  often  showing  irregular  shaped  fissures  between  them.  The  tubercles 
or  spines  on  the  inner  margin  of  the  hand  are  not  so  thickly  set  as  on  the  other. 

The  carpus  of  the  small  cheliped  has  a single  crest  armed  with  three  or 
four  strong  spines.  The  hand  has  a curved  oblique  face  and  also  a horizontal 
face  equally  prominent.  The  hand  is  also  paved  with  compound  granules.  The 
lower  margin  of  the  oblique  face  is  sparsely  set  with  tubercles. 

The  ambulatory  legs  are  slender.  The  dactyls  are  curved  and  spinose. 
The  propodus  and  dactyl  of  the  second  pair  on  the  left  side  are  very  thickly 
fringed  with  hair  above  and  below.  These  articles  are  also  seen  to  be  wider 
and  much  more  prominently  grooved  than  the  similar  members  of  the  other 
legs.  As  I have  never  seen  this  character  before,  I conclude  that  it  may  be 
accidental. 

Color  in  alcohol,  dark  purple. 

Described  from  a single  specimen  from  the  Galapagos  Islands. 


Pagurus  calif or niensis  (Benedict). 


H 


Eupagurus  calif  or  niensis  Benedict,  Proc.  U.  S.  Nat.  Mus.,  vol. 
15,  p.  21,  1892.  Faxon,  Mem.  Mus.  Comp.  Zool.  vol.  18,  p.  55, 
pi.  ^ fig.  2-2f,  1895.  Schmitt,  Univ.  Calif.  Pub.  Zool.  vol.  23, 
p.  13,  fig.  93,  a,  b,  1921. 


Names. — This  species  derives  its  name  from  the  type-locality. 

Diagnostic  Characters. — Hand  of  great  cheliped  suborbiculate,  smooth; 
about  five  times  as  wide  as  that  of  the  small  cheliped.  Dactyli  of  first  and  second 
ambulatories  shorter  than  the  propodi.  Rostral  point  acute,  lateral  projections 
angulate  but  less  prominent. 

Type. — Dr.  Benedict’s  type  material  came  from  Catalina  Harbor,  Cali- 
fornia; 30  to  60  fathoms,  and  is  deposited  in  the  United  States  National  Museum. 

Galapagos  Distribution. — Arcturus  station  54,  Gardner  Bay,  off  Hood 
Island. 

General  Distribution. — California;  off  Cocos  Island,  and  the  Galapagos 
Islands. 

Material  Examined. — Two  small  specimens  were  taken  at  Station  54, 
Gardner  Bay,  off  Hood  Island,  by  William  Beebe,  while  diving  in  15  feet  of 
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water,  and  are  deposited  in  the  collections  of  the  New  York  Zoological  So- 
ciety. 

Technical  Description. — Carapace  with  the  median  projection  shallow, 
triangulate,  distinctly  in  advance  of  lateral  projections.  Anterior  region  of 
carapace  covered  with  globose-pyriform  calcareous  plate;  lateral  walls,  posterior 
region  membraneous  swollen.  Abdomen  (broken)  apparently  offers  no  specific 
features. 
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Ocular  peduncle  stout,  cylindrical,  only  two-thirds  as  long  as  the  width 
of  the  anterior  margin;  cornea  spherical,  conspicuously  dilated;  composed  of 
numerous  distinct  hexagonal  facets;  ocular  scales  well  separated,  produced  to  an 
acuminate  triangulate  point,  outer  lateral  marginal  diagonal. 

Inner  antennae  with  peduncular  joints  slender,  cylindrical,  extending 
beyond  the  eyestalk  by  the  length  of  the  distal  two-thirds  of  the  last  joint  and 
the  biramose  flagellum  which  reaches  to  midway  the  carpus  of  the  great  cheliped. 

The  external  antennae  have  the  basal  joint  produced  to  a triangulate 
point  on  its  external  distal  angle;  the  acicule  is  slender,  tapering,  out-curved 
and  reaches  to  about  midway  the  cornea;  the  second  and  third  joints  are  stocky; 
the  fourth  joint  is  very  slender,  cylindrical,  quite  as  long  as  the  first  three  joints 
taken  together;  the  flagellum  consists  of  about  sixty-eight  annulations  and  reach- 
es a little  beyond  the  tip  of  the  great  cheliped. 

The  external  maxillipeds  are  well  separated. 

The  chelipeds  are  conspicuously  unequal.  The  right  cheliped  has  its 
propodus  about  a third  wider  than  the  width  of  the  carapace  at  the  anterior 
margin,  while  the  left  cheliped  is  so  small  that  the  width  of  its  propodus  is 
less  than  a fifth  of  that  of  the  right  cheliped;  the  left  cheliped  scarcely  reaches 
to  the  base  of  the  propodal  finger  of  the  right  cheliped  and  is  readily  confused 
in  size  with  the  propodus  of  the  adjacent  ambulatory  leg.  The  great  cheliped 
has  the  proximal  joints  substantially  developed;  the  ventral  margin  of  the  ischium 
is  produced  distally  into  an  acuminate  projection;  the  merus  is  short  widening 
distally  but  much  smaller  than  the  carpus;  the  carpus  broadly  triangular  and 
moderately  convex  on  its  dorsal  surface,  its  distal  width  being  equal  to  its 
length;  its  lateral  margins  are  accentuated  by  a series  of  low  denticles;  its 
dorsal  surface  is  microscopically  punctate.  The  propodus  is  4 mm.  long,  and 
3.5  mm.  greatest  width;  the  finger  is  1.5  mm.  long;  the  contour  of  the  propodus 
is  suborbicular  with  the  convex  lateral  margins  a convex,  crenulated  carina  and 
the  dorsal  surface  convex,  smooth,  glabrous;  propodal  finger  a little  wider 
basally  than  the  hinged  finger,  both  with  the  cutting  edges  dentate,  the  tips 
curved,  acuminate;  a row  of  submarginal  low  squamae,  each  of  which  give 
rise  to  a tuft  of  small  setae,  parallels  the  cutting  edge  of  each  finger. 

The  small  cheliped  scarcely  reaches  to  the  base  of  the  propodal  finger  of 
the  large  cheliped  and  is  decidedly  compressed  laterally;  the  merus,  carpus 
and  propodus  are  approximately  subequal  in  length,  the  carpus  being  as  long 
as  that  of  the  large  cheliped;  the  small  propodus  is  scarcely  one-third  as  wide 
as  long;  the  fingers  which  are  subequal  are  slightly  more  than  one-half  of  the 
entire  propodal  length;  they  fit  closely  have  the  cutting  edge  finely  crenulate 
and  excavate  within;  the  distal  half  of  the  fingers  are  furnished  with  a series 
of  tufts  of  fine  setae. 

The  first  and  second  pairs  of  ambulatory  legs  are  subequal  and  those  of  the 
opposite  sides  are  also  equal;  they  exceed  the  length  of  the  great  cheliped  a 
trifle.  Each  has  the  ischium  elongate,  the  merus  a third  longer  than  the  ischium; 
the  carpus  slightly  more  than  half  as  long  as  the  merus;  the  propodus  equal  in 
length  to  the  merus,  and  the  dactyl  scarcely  three-fourths  as  long  as  the  propodus; 
the  entire  leg  is  slender  and  laterally  compressed,  the  dactyl  is  slightly  curved, 
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tapering  tipped  with  a horny  spine  and  armed  along  its  inferior  lateral  margin 
with  six  forward-directed  spines. 

The  fourth  pair  of  legs  are  subchelate,  the  propodus  is  broadly  convex  and 
crenulate  on  its  posterolateral  margin;  the  dactyl  is  basally  half  as  wide  as  the 
propodus  and  is  tipped  distally  with  a curved  spine;  the  dactyl  is  twice  as  long 
as  it  is  wide. 

Galapagurus,  gen.  nov. 

The  great  cheliped  has  the  carpus  and  propodus,  which  latter  is  conspicu- 
ously larger  than  the  entire  carapace,  bent  inward  from  the  carpal  base  at 
approximately  an  obtuse  angle  to  the  proximal  portion  of  the  leg;  the  propodus 
is  five-sevenths  as  high  as  long,  with  the  outer  face  decidedly  convex  and  the 
inner  face  with  a bowl-like  concavity  which  is  deepest  proximally. 

Fourth  pair  of  legs  subchelate. 

Carapace  with  a prominent  median  rostral  point  and  two  well  developed 
lateral  points. 

Telson  terminating  in  two  unequal  triangulate  lobes. 

Genotype. — Galapagurus  teevanus,  sp.  nov.  from  Arcturus  station  54, 
Gardner  Bay,  off  Hood  Island,  depth  23^  fathoms;  William  Beebe,  collector; 
deposited  in  collections  of  the  New  York  Zoological  Society. 

Galapagurus  teevanus,  sp.  nov. 

Name. — I take  pleasure  in  naming  this  remarkable  species  for  Mr.  John 
Tee-Van,  assistant  to  the  Director  of  the  Tropical  Research  Station. 

Diagnostic  Characters. — Chelipeds  strikingly  unequal,  the  great  cheliped 
has  the  carpus  and  propodus,  which  latter  is  conspicuously  larger  than  the 
entire  carapace,  bent  inward  from  the  carpal  base  at  approximately  an  obtuse 
angle  to  the  proximal  portion  of  the  leg;  the  propodus  is  7 mm.  long,  5 mm. 
high,  with  the  outer  face  decidedly  convex  and  the  inner  face  with  a bowl-like 
concavity  which  is  deepest  proximally.  External  maxillipeds  widely  separated. 
Telson  terminating  in  two  unequal  triangulate  lobes.  Rounded  fleshy  pro- 
jection of  abdomen  extending  over  the  male  genitalia. 

Type. — The  holotype  was  taken  at  Arcturus  station  54,  Gardner  Bay, 
off  Hood  Island,  by  William  Beebe,  while  diving  in  15  feet  of  water. 

Galapagos  Distribution .- — Known  only  from  the  type-locality,  Hood  Island, 
Galapagos  Islands. 

Technical  Description. — Carapace  with  the  anterior  margin  produced  to  a 
prominent,  acute,  triangulate  point;  the  lateral  points  also  triangulate  but  less 
advanced  than  the  median  projection.  Anterior  region  of  the  carapace  covered 
with  a calcareous  plate  which  is  only  three-fourths  as  long  as  wide  and  has  the 
lateral  margins  rounded  and  decidedly  convergent,  the  posterior  margin  being 
scarcely  half  as  wide  as  the  anterior  margin.  The  dorsal  surface  of  this  plate 
is  glabrous,  marked  by  two  curved  “cervical”  grooves.  The  posterior  region 
is  membraneous,  decidedly  globose,  deeply  excavate  in  the  median  posterior 
region  on  either  side  of  which  it  is  produced  into  a large  convex  lobe,  which  is 
fringed  with  setae  on  its  posterior  margin. 

The  ocular  peduncles  are  only  a little  more  than  half  as  long  as  the  width 
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Fig.  4.  Galapagurus  teevanus,  new  species,  typeX5;  A,  dorsal  view;  lower  left  figure, 
type  of  fifth  leg  greatly  enlarged;  lower  right  figure,  inner  side  of  great  cheliped,  much  en- 
larged 


of  the  anterior  margin  of  the  carapace;  they  are  cylindrical,  slightly  dilated 
basally  and  fringed  along  the  dorsal  and  inner  surfaces  with  long,  fine  setae 
set  in  small  tufts.  The  cornea  are  large,  ovoid,  composed  of  numerous  distinct 
hexagonal  facets;  the  ocular  scales  are  well  separated,  produced  to  an  acuminate, 
triangulate  point,  convex  on  the  dorsal  surface. 
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The  inner  antennae  are  cylindrical,  long,  exceeding  the  length  of  the 
eyestalk  by  the  length  of  almost  the  entire  distal  joint  which  is  three-fourths 
as  long  as  the  eyestalk;  the  flagellum  is  biramose,  the  inferior  branch  being 
quite  small  and  slender,  the  superior  branch  is  about  as  long  as  the  last  pedun- 
cular joint  and  consists  of  a stout  proximal  portion,  composed  of  about  twenty- 
two  tapering  rings  and  a slender  distal  whip  composed  of  six  longer  articulations; 
there  is  a long  close  brush  of  setae  on  the  ventral  side  of  the  conical  proximal 
portion  of  the  superior  flagellum. 

The  external  antennae  have  the  basal  article  broad,  produced  to  a large, 
blunt,  triangulate  tooth  on  its  external  distal  angle  and  to  a minute  process 
on  its  inner  distal  angle,  the  acicule  slightly  exceeds  the  eyestalk  in  length  and 
is  decidedly  tapering  and  outward  pointing;  it  is  armed  with  numerous  very 
long,  radiating  setae  along  the  lateral  and  distal  margins;  the  next  joint  is  as 
long  as  the  outer  side  of  the  preceding  one  and  two-thirds  as  wide,  with  its 
lateral  margins  convex,  and  tapering  slightly  distally,  the  next  article  is  about 
one  and  one-half  times  as  long  as  the  preceding  one  and  is  decidedly  compressed 
cylindrical;  the  flagellum  is  composed  of  one  longish  basal  and  about  ninety 
shorter  annulations,  each  of  which  is  furnished  distally  with  several  slender, 
long,  radiating  setae;  the  flagellum  is  a little  longer  than  the  first  pair  of  ambu- 
latory legs. 

The  external  maxillipeds  are  widely  separated;  the  space  between  them 
being  greater  than  the  width  of  one  maxilliped. 

The  exognaths  of  both  pairs  of  maxillipeds  are  flagellate. 

The  chelipeds  are  conspicuously  unequal;  the  right  being  many  times 
greater  than  the  left  one.  The  great  cheliped  is  decidedly  curved  and  enlarged 
distally;  it  is  13  mm.  long,  the  propodus  being  7 mm.  long  and  5 mm.  wide, 
decidedly  thin  and  curved,  the  inner  face  being  a bowl-like  concavity  and  the 
outer  face  correspondingly  convex;  the  propodus  is  larger  both  ways  than  the 
carapace  of  the  animal.  The  coxal  joint  of  the  great  cheliped  is  trihedral;  the 
basis  is  small,  the  ischium  is  short  and  produced  to  an  acuminate  process  on 
the  ventral  inner  distal  angle;  the  merus  is  trihedral,  the  ventral  face  being 
broad,  convex,  with  a crescentic  excavation  distally;  the  lateral  faces  converge 
dorsally  to  a rounded  narrow  dorsal  face;  the  inner  lateral  face  is  produced 
distally  into  a rounded  flat  process  which  projects  over  the  carpus;  the  cor- 
responding distal  part  of  the  inner  lateral  face  is  similarly  rounded  but  less 
produced;  the  carpus  is  but  little  longer  than  the  merus  and  of  somewhat 
similar  shape  but  is  thicker;  the  dorsal  surface  is  raised  to  a prominent  median 
longitudinal  carina  on  either  side  of  which  it  slopes  abruptly  to  a lateral  carina; 
the  outer  lateral  face  below  this  carina  is  produced  on  the  distal  two-thirds 
forming  a convex,  inferior  border;  the  carpus  and  propodus,  which  latter  is 
conspicuously  larger  than  the  entire  carapace,  are  bent  inward  from  the  carpal 
base  at  approximately  an  obtuse  angle  to  the  proximal  portion  of  the  leg.  The 
propodus  is  7 mm.  long,  5 mm.  maximum  width,  with  the  outer  face  decidedly 
convex  and  the  inner  face  with  a bowl-like  concavity  which  is  deepest  proximally; 
the  inferior  lateral  margin  of  the  propodus  is  quite  convex,  subcarinate;  the 
superior  lateral  margin  is  a rather  straight  line  which  slants  diagonally  upward 
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from  the  propodal  base  to  the  distal  angle;  the  distal  border  of  the  propodal 
finger  is  diagonally  truncated,  the  lower  half  is  produced  but  very  little  in 
advance  of  the  upper  half,  but  is  gently  curved  inward;  there  is  one  prominent 
sub-basal  triangulate  tooth  on  the  cutting  edge,  followed  distally  by  about 
half  a dozen  crenulate  denticles;  there  is  a shallow  diagonal  depression  on  the 
propodus  near  the  propodal  finger.  The  hinged  finger  is  quite  large,  its  base 
being  half  as  wide  as  the  distal  margin  of  the  propodus  and  having  its  outer 
lateral  margin  decidedly  convex  and  its  inner  margin,  or  cutting  edge  slightly 
excavate  with  one  medium-sized  triangulate  tooth  more  distal  in  position  than 
the  large  triangulate  tooth;  the  tip  is  an  acuminate  horny  spine.  There  are 
quite  a few,  low,  nearly  flat,  round  tubercles  on  the  outer  face  of  the  propodus, 
which  is  also  sparsely  setigerous. 

The  left  cheliped  is  exceedingly  small,  being  of  no  greater  diameter  and 
shorter  by  half  the  length  of  the  dactyl,  than  the  first  ambulatory  leg.  The  first 
and  second  joints  of  the  left  cheliped  are  small;  the  ischium  is  short  and  produced 
to  an  acuminate  point  on  the  ventral  distal  margin;  the  merus  is  long,  slender, 
compressed  cylindrical;  the  carpus  is  similar  and  subequal  to  the  merus;  the 
propodus  is  as  long  as  the  carpus  and  of  no  greater  diameter;  the  propodal 
finger  comprises  one  half  of  the  entire  length  of  the  propodus;  the  fingers  are 
very  similar,  the  propodal  being  slightly  the  thicker,  the  hinged  finger  being  a 
little  more  curved;  both  are  acuminate  and  have  the  cutting  edges  fitted  closely 
upon  each  other.  The  upper  surface  of  the  carpus  and  the  entire  propodus  are 
covered  with  rows  of  sparsely  set,  long  radiating  hairs. 

The  first  and  second  pairs  of  ambulatory  legs  are  subequal  and  those  of 
the  right  and  left  sides  are  equal  to  each  other;  they  are  not  quite  as  long  as  the 
great  cheliped.  Each  ambulatory  leg  has  the  coxopodite  well  developed;  the 
basis  short,  the  ischium  elongated;  the  merus  about  twice  as  long  as  the  ischium; 
the  carpus  two-thirds  as  long  as  the  merus  and  produced  to  a blunt  point  at 
the  distal  dorsal  apex;  the  propodus  is  about  a third  longer  than  the  carpus 
but  is  distinctly  more  compressed  laterally  and  is  produced  on  its  distal  lateral 
margins  into  a laminar  rounded  process  which  projects  over  the  base  of  the 
propodus;  the  dactyl  is  very  slender  and  about  one-fifth  longer  than  the  pro- 
podus, slightly  curved  and  armed  distally  with  a horn-colored  spine;  there  are 
also  a series  of  nine  sharp  horn-colored  spines  along  the  inferior  margin  of  the 
dactyl;  a series  of  nine  similar  but  shorter  spines  form  a longitudinal  subdorsal 
line  on  the  inner  side  of  the  dactyl.  The  entire  leg  is  slender,  compressed 
laterally,  and  fringed  with  long  setae  on  the  dorsal  edge. 

The  fourth  legs  are  small  and  curved;  the  ischium  is  elongate,  flattened 
and  produced  to  an  acute  point  on  its  distal  angle;  the  merus  is  similar  to  but 
a third  longer  than  the  ischium,  and  has  its  outer  distal  margin  rounded  and 
furnished  with  a fan-like  cluster  of  setae  which  are  as  long  as  the  merus;  the 
carpus  is  bent  almost  at  a right  angle  to  the  merus  and  is  quite  narrow  basally, 
widening  distally  and  with  the  outer  distal  angle  produced;  the  outer  edge  is 
furnished  with  a long  brush  of  setae;  the  propodus  is  about  as  long  as  the  carpus 
but  is  approximately  of  equal  width  throughout  its  length;  the  rasp  consists 
of  five  or  six  denticles  on  the  inner  distal  border;  the  dactyl  arises  from  the 
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distal  border  of  the  propodus  and  is  triangulate  with  the  tip  curved  and  acumi- 
nate and  with  the  inner  lateral  margin  set  with  several  small  denticle-like 
spines,  also  several  long  setae. 

The  fifth  pair  of  legs  are  characteristically  small  and  reflexed.  There  is  a 
long,  narrow,  calcareous  bar  between  the  coxal  joints.  In  the  male  the  coxal 
joints  bear  the  paired  small  genital  apertures  near  the  base  of  the  ventral  face; 
each  of  these  openings  is  guarded  by  a fan-like  tuft  of  setae.  The  coxal  joint  is 
dilated,  cylindrical;  the  basis  is  minute;  the  ischium  is  somewhat  longer;  the 
merus  is  twice  as  long  as  the  ischium;  the  carpus  is  two-thirds  as  long  as  the 
ischium  but  slenderer;  the  propodus  is  a little  longer  and  more  robust  than  the 
propodus;  the  distal  end  is  slightly  dilated  and  the  outer  distal  half  of  the  outer 
side  is  covered  with  squamae;  there  is  a terminal-lateral  brush  of  long  spiny 
setae;  the  longest  of  these  setae  are  longer  than  the  propodus;  the  dactyl  is 
short,  curved,  acute. 

The  abdomen  is  small,  coiled,  asymmetrical,  devoid  of  segmentation, 
except  distally.  On  the  anterior  ventral  surface  there  is  a rounded,  median 
fold  of  tissue  which  projects  over  the  proximal  parts  of  the  fifth  pair  of  legs, 
forming  a pad-like  cover  over  the  genitalia.  The  last  abdominal  segment  is 
rectangular,  wider  than  long  and  very  convex  dorsally;  the  telson  has  the 
proximal  segment  calcareous,  and  shaped  similar  to  but  slightly  shorter  than 
the  preceding  segment;  the  distal  portion  of  the  segment  is  twice  as  long  as  the 
proximal  portion  and  is  membraneous,  or  very  weakly  calcareous;  the  proximal 
three-fourths  of  the  distal  segment  of  the  telson  is  convex  with  its  lateral  margins 
rounded;  the  distal  fourth  of  this  segment  is  separated  from  the  preceding 
part  by  a pair  of  deep  lateral  incisions;  there  is  also  a deep  median  incision  on 
the  distal  margin.  These  three  incisions  are  so  acute,  that  the  distal  part  of 
the  posterior  telsonic  segment  is  cut  into  two  unequal  triangulate  lobes  which 
have  their  margins  finely  crenulate.  The  rhipidura  are  strikingly  unequal; 
the  peduncle  is  large  and  convex  on  its  upper  face;  the  anterior  branch  is  large, 
clavate,  with  a broad  rasp;  the  small  branch  is  similar  but  weaker. 

The  abdominal  appendages  in  the  male  offer  no  specific  character. 

The  female  of  this  species  is  unknown. 

Nympagurus,  gen.  nov. 

Chelipeds  strikingly  unequal;  the  propodus  of  the  greater  cheliped  sharply 
deflected  near  the  base,  the  outer  surface  flat,  with  the  contour  of  its  outer 
lateral  margin  convex,  tapering,  and  that  of  its  inner  lateral  margin  usually 
armed  with  spine-like  teeth.  Propodus  and  carpus  of  the  small  cheliped  simi- 
larly sharply  deflected  about  midway  the  length  of  the  carpus,  and  lying  closely 
appressed  to  the  inner  margin  of  the  great  cheliped,  the  two  together  forming 
the  operculum. 

Carapace  with  the  frontal  margin  slightly  sinuate,  rostrum  vague.  Ex- 
ternal maxillipeds  widely  separate. 

Genotype. — Nympagurus  galapagensis,  new  species,  taken  at  Arcturus 
Station  54,  Gardner  Bay,  off  Hood  Island,  Galapagos,  depth  23^  fathoms,  by 
William  Beebe. 
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Fig.  5.  Nympagurus  galapagensis,  new  species,  type  X 5. 


Nympagurus  galapagensis,  sp.  nov. 

Name. — This  species  takes  its  name  from  the  type  locality. 

Diagnostic  Characters. — Propodi  of  chelipeds  unequal,  the  greater  propodus 
sharply  deflected  near  the  base,  the  outer  surface  flat  with  the  contour  of  its 
outer  lateral  margin  convex  and  tapering,  and  its  inner  lateral  margin  but  little 
curved;  each  margin  armed  with  a row  of  regularly  set,  long,  sharp,  upward- 
directed,  spine-like  teeth.  Additional  spine-like  denticles  on  the  outer  surface. 
Smaller  cheliped  similarly  deflected  midway  the  carpus;  this  bent  portion 
lying  beside  that  of  the  large  propodus  and  forming  the  operculum. 

Type. — The  holotype,  an  ovigerous  female,  was  taken  at  Arcturus  Station 
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54,  Gardner  Bay,  off  Hood  Island,  by  William  Beebe,  while  diving  in  15  feet 
of  water.  It  is  deposited  in  the  collections  of  the  New  York  Zoological  Society. 

Galapagos  Distribution. — Arcturus  station  54,  Gardner  Bay,  off  Hood 
Island. 

General  Distribution. — Known  only  from  the  type-locality. 

Technical  Description. — Approximate  body  length,  tip  of  rostrum  to  tip 
of  telson  uncoiled  27.5  mm.;  carapace  8.5  mm.  long;  4 mm.  wide  at  anterior 
border;  great  cheliped  6 mm.  long. 

Carapace  with  the  frontal  margin  slightly  sinuate,  rostral  point  vague, 
only  suggested  by  the  shallowly  protruberant  median  area.  Anterior  region  of 
the  carapace  with  a shield-shape  calcareous  dorsal  plate  whose  posterolateral 
margins  decidedly  converge.  Lateral  walls  and  posterior  region  subglobose, 
soft,  membraneous. 

Ocular  peduncles  quite  as  long  as  the  width  of  the  anterior  border  of  the 
carapace,  cornea  terminal,  shining  black,  slightly  dilated,  subspherical, 
composed  of  exceedingly  small,  hexagonal  facets;  the  ocular  scale  is  small, 
wider  than  long,  its  lateral  margins  convex  but  unlike  each  other;  the  inner 
margin  being  longer  and  terminating  distally  in  an  acuminate  point;  the  outer 
lateral  margin  of  this  point  is  abrupt  and  longer  than  the  inner  one.  The  scales 
are  separated  from  each  other  by  a space  about  two-thirds  as  wide  as  the  scale. 

The  external  antennae  have  the  peduncular  article  fitted  into  the  antero- 
lateral angle  of  the  carapace  basally  and  with  their  outer  distal  angle  produced 
into  a slender,  acuminate  tooth  which  is  almost  as  long  as  the  wider  proximal 
part  of  the  joint;  the  acicule  arises  from  the  inner  distal  region  of  the  first  joint 
and  is  slender,  trigonal,  tapering  decidedly  curved,  the  inner  lateral  margin 
being  convex,  the  outer  concave,  the  apex  forward  and  outward  directed.  There 
are  a series  of  long,  stiff  setae  spaced  on  the  inner  lateral  margins  of  the  acicule, 
similar  to  those  on  the  dorsal  surface  of  the  eyestalks.  The  second  and  third 
peduncular  joints  are  short;  the  fourth  joint  is  very  slender  and  about  as  long 
as  the  first  three  joints  taken  together.  It  supports  the  flagellum  which  is 
composed  of  many  fine  short  annulations  and  extends  almost  to  the  tip  of  the 
first  ambulatory  leg.  There  are  a few,  fine,  short  setae  on  the  distal  margins 
of  the  annulations. 

The  peduncles  of  the  inner  antennulae  are  slender,  cylindrical  and  extend 
about  as  far  forward  as  the  eyes;  the  flagellum  is  biarticulate,  both  branches 
being  short,  subequal  in  length,  the  ventrally  placed  one  is  slender,  the  dorsal 
branch  stout  and  furnished  with  a heavy  brush  of  setae  on  its  lower  side. 

The  external  maxillipeds  are  well-separated  and  are  furnished  with  several 
tufts  of  unusually  long  bristly  brushes  of  setae. 

The  chelipeds  are  unequal  in  the  female,  the  right,  being  distinctly  the 
larger.  It  has  the  coxal  joint  well-developed,  four-sided;  the  basis  very  small, 
fused  with  the  ischium,  which  is  short  and  produced  on  its  anterior  ventral  side 
into  a long,  pointed,  tooth-like  process  which  dove-tails  with  a process  on  the 
ventral  margin  of  the  merus;  the  merus  is  rather  short,  compressed  on  its  upper 
and  lateral  sides  and  with  the  distal  half  of  the  ventral  face  excavate  and  defined 
by  a sharp  margin  which  bears  several  spine-like  teeth.  The  carpus  is  about  as 
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long  as  the  merus  and  is  much  enlarged  distally  and  truncated,  its  upper  or 
dorsal  surface  being  flattish  and  armed  with  numerous  long,  sharp,  upward  and 
forward  directed  spines  which  form  broken  rows  and  are  surrounded  by  a 
rather  dense  coating  of  long  setae.  The  outer  lateral  face  of  the  carpus  is  flat, 
armed  with  a few  denticles  and  is  produced  on  its  distal  ventral  region  to  a 
rounded  lobe;  the  inner  lateral  face  of  the  carpus  is  flat  and  oblique;  the  propodus 
is  sharply  bent  near  the  base,  there  being  a small  proximal  region  which  is  on 
the  same  plane  as  the  carpus  while  the  remaining  surface  is  abruptly  bent  down- 
wards, almost  at  right-angles  forming  the  external  face  of  the  operculum  when 
the  crab  is  withdrawn  into  the  mollusk  shell.  This  external  (upper)  surface 
of  the  propodus  is  flat  with  the  contour  of  its  outer  lateral  margin  convex  and 
tapering  distally  and  the  inner  lateral  margin  but  little  curved;  each  margin  is 
armed  with  a row  of  regularly  set  long  sharp  upward  directed  spine-like  teeth; 
on  the  inner  half  there  is  a broken  submarginal  row  of  lower  denticles  approxi- 
mately paralleling  the  marginal  row  and  like  it  extending  on  to  the  fingers; 
a broken  row  of  similar  low  spines  forms  an  approximately  median  longitudinal 
line,  its  distal  portion  extending  on  to  the  fixed  finger.  There  are  several 
irregularly  spaced  spines  on  the  external  surface.  The  entire  external  surface 
of  the  propodus  is  covered  with  fine  close-set  short  setae.  The  margins  are 
fringed  with  much  longer  setae.  The  propodal  finger  is  quite  a third  wider 
basally  than  the  hinged  finger;  both  fingers  thinly  laminar  and  the  inner  cutting 
edge  armed  with  five  or  six  teeth  each,  those  of  the  propodal  finger  being  sharp, 
those  of  the  hinged  finger,  rudimentary;  the  distal  part  of  the  cutting  edge  of 
each  finger  is  smooth,  closely  fitted  upon  the  other,  the  apex  of  the  hinged 
finger  is  a denticle.  The  inner  side  of  the  propodus  is  dilated,  convex,  proximally 
tapering  to  a thin  plate  distally;  there  is  an  excavation  or  hiatus  on  the  inner 
face  between  the  cutting  edges  of  the  fingers  formed  by  the  excavate  cutting 
edges  which,  however,  meet  closely  and  show  no  hiatus  on  the  external  surface. 

The  left  cheliped  is  about  three-fourths  (or  more)  as  large  as  the  right  and 
resembles  it  in  major  features,  but  differs  from  it  in  having  the  outer  lateral 
face  of  the  merus  armed  with  a prominent  row  of  eight  long  curved  acuminate 
teeth  on  its  ventral  margin;  also  in  the  proportions  of  the  propodus,  the  palm 
being  scarcely  one  fourth  of  the  total  length,  while  the  fingers  are  three-fourths 
the  length.  The  contour  of  the  inner  lateral  margin  of  the  propodus  is  more 
convex  than  that  of  the  large  cheliped  and  the  fingers  are  thicker.  They  have 
the  distal  portion  curved  slightly  inward  accentuating  the  spoon-shaped  tips. 
There  is  a moderate  gap  between  the  proximal  portions  of  the  fingers  and  they  are 
devoid  of  teeth.  The  left  (smaller)  cheliped  has  its  external  and  lateral  margins 
more  densely  hirsute  than  those  of  the  large  chela;  the  rounded  tips  of  the  fingers 
being  quite  brush-like. 

The  first  and  second  pairs  of  ambulatory  legs  are  similar  and  subequal, 
and  those  of  the  right  and  left  sides  are  also  identical.  They  exceed  the  length 
of  the  chelipeds  by  the  length  of  the  dactyl.  The  proximal  joint  is  well-develop- 
ed, the  second  joint  small,  the  ischium  is  elongate  projecting  beyond  the  body 
in  a dorsal  view,  and  has  its  ventral  margin  rough  and  setigerous.  The  merus 
is  long,  rounded  but  decidedly  compressed  laterally;  the  carpus  is  as  long  as  the 
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merus  but  a little  less  robust  and  has  a sharp  spine  on  its  upper  distal  margin; 
the  propodus  is  slightly  longer  and  slenderer  than  the  carpus;  the  dactyl  is  one 
and  one-half  times  as  long  as  the  propodus  and  is  tapering,  decidedly  acuminate, 
terminating  in  a sharp  curved  claw.  There  is  a ventral  longitudinal  row  con- 
sisting of  six  sharp  horn-like  spines  and  another  row  of  six  similar  spines  on 
the  anterior  lateral  face  of  the  dactyl.  The  upper  surfaces  of  the  carpus,  pro- 
podus and  dactyl  are  furnished  with  numerous  long  setae,  these  forming  small 
tufts  on  the  dactyl. 

The  paired  genital  apertures  are  circular  openings  on  the  ventral  faces 
of  the  coxal  joint  near  the  base. 

The  third  ambulatory  (fourth)  leg  is  small  and  has  the  ischium  and  merus 
subequal,  curved  and  bent,  conforming  to  the  body  contour;  the  carpus  two- 
thirds  as  long  as  the  merus  and  forming  an  elbow;  the  propodus  is  stout,  not 
quite  as  long  as  the  carpus,  or  with  its  maximum  length  only  a trifle  greater 
than  its  width;  its  posterior  lateral  and  distal  margins  are  confluent,  rounded; 
the  distal  third  of  the  outer  surface  is  covered  with  a patch  of  squamae;  the 
dactyl  arises  from  the  anterior  lateral  margin  of  the  propodus  and  is  sickle- 
shaped and  nearly  twice  as  long  as  the  propodus,  its  posterior  lateral  margin  a 
little  concave,  its  anterior  lateral  margin  convex,  its  distal  third  is  a brown 
spine-like  tip;  both  margins  are  fringed  with  setae. 

The  fifth  pair  of  legs  are  typically  small,  arched  proximally  transversely 
across  the  body,  the  distal  two-thirds  reflexed  upon  itself.  The  distal  points 
are  chelate  the  finger  closing  completely  upon  the  dactyl;  both  are  covered  on 
their  external  face  with  squamae  and  the  finger  bears  a long  brush  of  setae  on 
its  lateral  margin. 

The  abdomen  is  soft,  membraneous,  asymmetrical,  devoid  of  segmentation 
except  distally.  The  last  abdominal  segment  is  weakly  calcareous;  the  telson 
is  transversely  segmented  and  asymmetrical;  the  propodal  portion  is  not  quite 
as  long  as  the  preceding  segment;  the  distal  portion  is  nearly  twice  as  long  as 
the  proximal  and  is  transversely  indented  on  the  median  lateral  margin;  the 
two  lobes  of  the  distal  margin  are  conspicuously  unequal,  rounded,  armed  with 
minute  denticles.  The  rhipidura  have  the  elongate  peduncle,  the  smaller 
branch  closely  appressed  to  the  peduncle  and  with  its  convex  outer  face  covered 
with  squamae;  the  longer  branch  has  its  upper  margin  convex,  the  lower,  concave, 
its  outer  surface  is  covered  distally  with  squamae  and  both  lateral  margins  are 
fringed  with  setae. 

There  are  four  abdominal  appendages  in  the  female,  those  of  the  second, 
third  and  fourth  segments  each  being  composed  of  a long  basal  joint,  one  long 
and  one  shorter  distal  blades  the  margins  of  which  are  furnished  with  long 
setae.  The  eggs  are  attached  to  the  long  hairs  of  these  three  appendages.  The 
appendage  of  the  fifth  segment  is  shorter,  uniramose  and  does  not  support  any 
eggs  in  the  present  specimen  which  is  abundantly  ovigerous. 

No  vestige  of  appendages  is  discernible  on  the  opposite  side  of  these  segments 
in  the  female. 

Eggs. — The  female  described  carried  about  200  small  pearly  spherical  eggs. 
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Genus  Calcinus  Dana 


Calcinus  explorator,  sp.  nov. 

Calcinus  obscurus  Schmitt  ( not  Stimpson ) Zoologica,  N.  Y.  Zool. 
Soc.  vol.  5,  no.  15,  p.  170,  1924.  Calcinus  explorator  Boone, 
Bull.  Vanderbilt  Marine  Museum,  III,  p.  28,  pi.  3,  1930. 

Diagnostic  Characters. — Great  chela  almost  subcircular,  hand  wider  than 
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long;  meral  and  carpal  joints  of  second  and  third  right  ambulatory  legs  equal 
or  only  a little  longer  than  those  of  the  left  legs. 

Type. — The  type,  an  adult  male,  and  four  additional  specimens,  one  of 
which  is  ovigerous,  were  taken  at  station  54,  Gardner  Bay,  Hood  Island,  by 
William  Beebe  while  diving  in  15  feet  of  water.  They  are  deposited  in  the  col- 
lection of  the  New  York  Zoological  Society. 

Galapagos  Distribution. — Gardner  Bay,  Hood  Island,  Arcturus  station  54, 
15  feet;  Tower  Island,  zone  H,  station  37;  Eden  Island  (Harrison  Williams 
Galapagos  Expedition). 

General  Distribution. — Galapagos  Islands;  Cocos  Island. 

Material  Examined. — The  type,  an  adult  male  specimen  and  four  additional 
specimens,  one  ovigerous,  were  taken  at  station  54,  in  15  feet  of  water,  at  Hood 
Island,  by  William  Beebe,  while  diving.  Twenty-five  specimens,  at  least  four 
of  which  are  ovigerous,  were  taken  at  station  37,  zone  H,  Tower  Island,  April  10, 
1925.  Ten  specimens  were  taken  at  Cocos  Island.  All  the  specimens  are 
deposited  in  the  collections  of  the  New  York  Zoological  Society.  Ten  specimens 
of  this  species  were  secured  by  the  Harrison  Williams  Galapagos  Expedition  at 
Eden  Island,  off  Indefatigable  Island,  Galapagos,  April  6,  1923.  Six  of  these 
were  referred  to  the  United  States  National  Museum  for  identification,  and  were 
identified  and  published  by  W.  L.  Schmitt  as  Calcinus  obscurus  Stimpson.  The 
two  specimens  returned  to  the  collections  of  the  New  York  Zoological  Society 
under  this  name  are  unquestionably  Calcinus  explorator,  and  the  four  specimens 
retained  in  the  collections  of  the  United  States  National  Museum  presumably 
are  the  same. 

Habits. — This  quaint  little  Pagurid  appears  to  prefer  molluscan  houses 
that  have  a circular  aperture  which  is  especially  suited  to  fit  the  subcircular 
great  chela.  It  was  discovered  on  coral  bottom  in  depths  ranging  from  the 
shore,  along  the  tide-line  to  2)^  fms.  of  water. 

Color. — (Alcoholic  specimen)  abdominal  and  posterior  part  of  carapace 
light  greenish;  precervical  region  of  carapace,  great  antennae  and  ischia  of  legs 
orange-red  with  tiny  pearly  dots;  merus,  carpus  and  propodal  joints  of  legs 
deep  purplish  grey  with  microscopic,  bluish,  pearly  dots;  dactyl  joints  of  ambu- 
latory legs  with  basal  and  distal  thirds  of  each  orange-red,  median  third  and 
spine  like  tip  deep  purplish  grey.  Chelae  deep  purplish  grey  shaded  with 
rosaceous  tints,  tips  and  inner  margin  of  fingers  pearly-white.  Eyestalks  light 
purplish  grey,  cornea  black. 

Technical  Description. — Approximate  body  length,  tip  of  rostrum  to  tip 
of  telson  uncoiled,  38  mm.;  carapace  10  mm.  long.,  9 mm.  wide;  great  cheliped 
18  mm.  long. 

Carapace  with  the  frontal  margin  almost  straight,  rostral  point  very  small, 
lateral  projections  even  more  obscure.  Anterior  region  of  carapace  with  hard 
dorsal  plate  squarish,  having  the  margins  subparallel  except  posteriorly  where 
they  converge  slightly  forming  a rounded  posterior  margin.  Lateral  walls  and 
posterior  region  subglobose,  membraneous. 

Ocular  peduncles  about  as  long  as  the  width  of  the  anterior  border  of 
the  carapace;  cornea  terminal,  hemispherical,  ocular  scale  about  as  long  as  the 
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inner  side  of  the  basal  antennal  joint,  sublobate,  tapering  to  an  acute  point, 
separated  from  each  other  by  a V-shaped  space. 

Outer  antennae  with  basal  joint  about  two-thirds  as  broad  as  ocular 
peduncle,  and  having  outer  dorsal  distal  angle  produced  acutely  and  finely  ser- 
rate on  the  margin  of  the  produced  point;  second  joint  small,  ventrally  placed, 
triangulate;  third  joint  compressed  cylindric,  almost  concealed  dorsally  by  the 
acicle  which  arises  from  the  first  peduncular  segment,  and  tapers  conically 
to  an  apex,  being  about  as  long  as  the  third  peduncular  article  and  having  the 
inner  dorsal  marginal  quadriserrate.  The  fourth  peduncular  article  is  about  as 
long  as  the  dorsal  view  of  the  first  three  taken  together,  slenderer,  cylindrical, 
somewhat  flattened  dorsoventrally  and  supporting  a flagellum  consisting  of 
many  fine  rings  and  extending  as  far  forward  as  the  base  of  the  movable  finger 
of  the  great  chela. 

The  peduncles  of  the  inner  antennae  are  about  as  long  as  the  eyestalks; 
the  flagellum  is  triarticulate,  each  joint  successively  increasing  in  length  distally; 
it  is  two  branched,  the  longer  stouter  branch  being  about  as  long  as  the  third 
peduncular  article,  tapering  conically  and  consisting  of  about  twenty-five  rings 
and  bearing  a long  fine  brush  of  close-set  setae  on  the  ventral  side.  The  shorter 
branch  is  ventrally  placed,  is  about  half  as  long  as  the  upper  branch  and  con- 
sists of  ten  or  eleven  annulations  which  are  about  the  same  diameter  as  the 
distal  annulations  of  the  upper  flagellum. 

The  left  cheliped  is  much  larger  than  the  right  and  has  the  basis  and  ischium 
quite  small,  only  the  outer  distal  angle  of  the  latter  being  visible  in  a dorsal 
view,  the  merus  is  three-sided,  bent  to  fit  the  space  between  the  body  and  the 
ambulatory  leg,  and  has  the  dorsal  surface  broad  and  curved;  the  carpus  is 
a trifle  shorter  than  the  merus,  is  much  narrower  basally,  outwardly  convex 
and  broadening  distally  to  form  a close  union  with  the  propodus,  the  inner 
distal  angle  of  the  carpus  is  produced  into  a tiny  interlocking  point  and  the 
outer  distal  angle  of  the  carpus  is  similarly  produced  and  its  lateral  contour 
slightly  ridged.  The  propodus  is  subovate,  almost  subcircular,  its  diameter, 
taken  at  the  base  of  movable  finger,  is  slightly  greater  than  long  diameter, 
taken  from  the  inner  basal  angle  of  the  movable  finger  obtusely  truncates  the 
hand,  being  practically  an  unbroken  line  save  for  the  minute  median  depression 
into  which  the  basal  tooth  of  the  movable  finger  fits.  This  line  and  the  placing 
of  the  fingers  is  distinctly  different  from  that  of  Calcinus  chilensis  Milne  Edwards, 
which  Stimpson  says  his  species  Calcinus  obscurus  is  like,  “except  for  the  absence 
of  tubercles  on  the  chela.”  The  movable  finger  of  the  present  species  has  the 
outer  margin  curved,  the  apex  occurring  at  the  outer  lateral  margin,  the  inner 
margin  fitting  closely  upon  that  of  the  fixed  finger.  The  fingers  open  obtusely; 
their  distal  ends  are  neatly  spoon-shaped  and  the  meeting  surfaces  of  the  fixed 
finger  crenulated,  indicating  14  teeth  along  the  outer  margin  of  the  meeting 
surface;  the  inner  margin  of  this  surface  of  the  finger  is  set  with  five  clusters  of 
brush-like  setae,  the  largest  and  innermost  one  being  opposite  the  basal  great 
molar,  the  remaining  four  being  subequal,  the  distal  two  being  almost  beside 
each  other.  The  movable  finger  is  similarly  crenulated,  indicating  seven  teeth 
of  moderate  size  and  three  much  larger  ones  adjacent  to  the  base:  inside  these 
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teeth  are  placed  a patch  of  setae  at  the  base  of  the  hinge,  followed  by  a row 
consisting  of  seven  subequal  and  subequally  spaced  tufts  of  setae. 

The  right  chela  is  much  smaller  than  the  left,  has  the  meral  and  carpal 
joints  less  swollen,  narrowed,  and  the  hand  and  fingers  a miniature  replica  in 
contour  of  those  of  the  left  chela  but  the  fingers  are  more  broadly  spoon-shaped. 

The  first  and  second  ambulatory  legs  are  subequal;  those  of  the  right  side 
having  the  meral  and  carpal  joints  equal  in  young  or  only  a very  little  longer 
in  large  adults  than  those  of  the  left  side,  this  being  another  item  in  which  the 
present  species  differs  from  Calcinus  chilensis  Milne  Edwards  and  Calcinus 
obscurus  Stimpson,  in  which  the  above  discussed  joints  of  the  right  legs  are 
described  as  being  much  longer  than  those  of  the  left  legs. 

The  third  ambulatory  legs  are  short,  flattened,  curved  to  fit  the  body 
contour  and  have  the  upper  and  lower  margins  of  all  joints  densely  fringed  with 
long  feather-like  setae.  The  broad  subovate  “fixed  finger”  of  the  terminal 
joint  is  lamellar  and  has  the  outer  surface  mosaiced  with  squamose  golden 
yellow  scales.  A row  of  these  squamosities  on  the  outer  surface  of  the  movable 
finger  parallels  the  margin  of  the  meeting  surfaces. 

The  fifth  legs  are  longer,  slenderer,  less  lamellar  and  more  cylindrical  than 
the  fourth  pair;  they  have  the  basal  four  joints  arched  to  fit  the  body;  the 
propodus  is  no  wider  than  the  carpus  and  is  about  one-fourth  longer;  the  finger 
is  about  one-fourth  of  the  length  of  the  propodus;  the  propodus  on  the  upper 
and  distal  three-fourths  of  the  outer  surface  bears  a patch  of  golden  yellow 
squamosities  and  the  hinged  finger  bears  a longitudinal  row  of  these,  paralleling 
its  inner  margin.  The  carpus  and  especially  the  propodus  and  dactylus  bear 
clusters  of  long  setae  but  these,  while  abundant  and  close-set,  stand  out  more 
individually  than  do  the  feathery  hair-masses  on  the  fourth  legs.  The  paired 
circular  genital  apertures  of  the  male  are  situated  on  the  ventral  surface  of  the 
coxal  joint  of  the  fifth  legs;  the  paired  genital  apertures  of  the  female  are  located 
on  the  ventral  surface  of  the  second  pair  of  ambulatory  legs. 

The  abdomen  is  tough,  membraneous,  asymmetrical,  coiled  and  tapering; 
the  telson  is  terminal,  the  abdominal  segments  are  calcified.  The  last  abdom- 
inal segment  is  squarish,  the  telson  is  transversely  segmented,  has  the  anterior 
portion  deeply  channeled  longitudinally  in  the  median  area,  with  the  posterior 
margin  somewhat  rounded  at  the  lateral  angles;  the  posterior  portion  is  a trifle 
longer  than  the  anterior  and  is  very  convex  dorsally;  there  are  two  incisions  in 
this  joint  at  the  basal  lateral  angle,  another  two  near  the  distal  angle  and  one 
in  median  distal  margin;  these  incisions  and  their  attendant  depressions  enhance 
the  convexity  of  the  distal  portion  of  the  carapace  and  insure  its  fitting  into  the 
molluscan  shell.  The  lateral  and  posterior  margins  of  the  proximal  joint  of 
the  telson  are  sparsely  setose  and  those  of  the  distal  joint  are  continuously 
fringed  with  setae.  The  rhipidura  have  the  basal  joint,  which  arises  from 
proximal  half  of  the  telson,  curiously  produced  and  curved,  marked  with  a 
slight  incision  at  the  base  of  the  smaller  branch,  and  with  a deep  crooked  de- 
pression at  the  base  of  the  larger  branch.  The  smaller  branch  which  is  closely 
appressed  to  the  basal  joint,  has  its  lower  margin  arcuate  and  the  upper  one 
curved.  The  outer  surface  of  the  distal  part  is  covered  with  a patch  of  golden 
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yellow  squamosities  like  those  on  the  smaller  branch.  Both  branches  are 
fringed  with  long  feather-like  setae. 

The  third,  fourth  and  fifth  segments  of  both  sexes  bear  pleopoda  on  the 
left  side.  These  are  situated  at  the  outer  anterolateral  margins  of  the  segment 
and  are  subequal.  Each  pleopod  consists  of  a long  lamellar  base  which  bears 
paired  lobate  branches;  the  posterior  branch  is  about  as  long  as  the  base,  not 
quite  so  wide,  oar-blade  shape  and  fringed  with  feathery  setae  which  average 
about  one  and  one  half  times  as  long  as  the  branch  itself;  the  anterior  branch  is 
slightly  wider  and  nearly  twice  as  long  as  the  posterior  branch  and  has  its 
forward  margin  more  convex  than  its  posterior  margin.  There  are  no  appendages 
on  the  right  side  of  the  abdomen  but  a tuft  of  setae  occurs  at  the  spot  oppo- 
site the  pleopoda  of  left  side.  The  female  pleopoda  are  more  developed  than 
those  of  the  male. 

A female  about  27  mm.  long  was  taken  carrying  about  506  eggs.  These 
are  very  minute,  less  than  0.5  mm.  long  diameter,  ovoid,  creamy  ivory,  encased 
in  an  opalescent  transparent  membrane.  The  second  and  third  pleopoda  are 
reflexed  over  the  back  and  the  branches  spread  wide  apart,  the  long  setae 
serving  as  accessories  to  which  the  eggs  are  attached  like  miniature  grapes. 
The  eggs  borne  by  the  second  and  third  pleopoda  are  well-spaced,  seldom 
touching  each  other  and  never  more  than  two  layers  deep.  The  anterior  pleopod 
is  also  reflexed  over  the  back  but  it  reaches  so  far  forward  that  the  eggs  are  in 
part  packed  in  the  crevice  existing  between  the  carapace  and  first  abdominal 
segment  and  in  part  extruded  from  the  molluscan  aperture.  The  most  anterior 
eggs  are  packed  three  or  four  layers  deep.  The  most  posterior  pleopoda  do  not 
support  any  eggs. 

Family  Coenobitidae 

Key  to  the  Galapagan  genera  of  the  Family  Coenobitidae 

Chelipeds  markedly  subequal,  the  left  the  larger.  Carapace  elongated.  Ros- 
trum slightly  marked.  Abdomen  soft,  membraneous,  twisted  on  itself; 
sixth  abdominal  segment  and  telson  well  defined  (land  hermits) . . Coenobita 
Chelipeds  subequal,  fingers  moving  in  a horizontal  plane,  corneous  at  the  tips, 
spoon-excavate.  Carapace  with  a small  tooth-like  rostrum  (marine 
hermits) Clibanarius 


Genus  Coenobita  Latreille. 

Coenobita  compressus  (Guerin).  Land  hermit.  Flat-eyed  hermit. 

Coenobita  compressus  (Guerin),  Voy.  autour  du  Monde  sur  la 
Coquille  par  Duperrey,  ZooL,  vol.  2,  pt.  2,  p.  29,  1831. 

Coenobita  compressus  Faxon,  Mem.  Mus.  Comp.  Zool.  vol.  18,  p. 
52,  1895;  Rathbun,  Proc.  U.  S.  Nat.  Mus.  vol.  38,  p.  596,  1910; 
Schmitt,  Zoological  New  York  Zoological  Society,  Vol.  V,  p.  170, 
No.  16,  1924. 

Diagnostic  Characters. — Eyestalks  decidedly  compressed  laterally.  Inner 
face  of  propodal  joint  with  a subcrescentic  band  of  silky  setae  on  the  upper 
proximal  part,  the  distal  setae  bordering  the  upper  propodal  margin. 
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Fig.  7.  Coenobita  compressus  (Guerin)  natural  size. 


Type. — M.  Guerin’s  type  material  came  from  Payta,  Peru,  and  is  probably 
deposited  in  the  Paris  Museum. 

Galapagos  Distribution. — Indefatigable  Island,  one  male  in  shell  of  Nerita 
scabricosta  ( Albatross );  South  Seymour  Island  ( Arcturus ). 

General  Distribution. — Acapulco,  Mexico;  Galapagos  Islands,  Cocos  Island 
and  Payta,  Peru;  westward  to  East  Africa. 

Material  Examined. — Two  male  specimens  from  South  Seymour  Island, 
also  four  males  and  five  females  one  of  which  is  ovigerous  from  Cocos  Island 
intertidal  zone,  were  taken  by  the  Arcturus  Oceanographic  Expedition.  One 
male,  one  ovigerous  female,  also  the  abdomens  of  two  more  ovigerous  females 
were  taken  at  James  Island,  April  4,  1923  by  the  Harrison  Williams  Galapagos 
Expedition. 

Habits. — This  species  inhabits  the  intertidal  zone,  and  was  also  found  as 
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far  as  a quarter  of  a mile  inland  on  James  Island  by  Dr.  William  Beebe,  who 
observed  it  skittering  about  among  the  moist  detritrus  of  the  woodland  floor. 
The  prevalence  of  ovigerous  females  taken  on  the  intertidal  zone  of  Cocos 
Island,  May  19,  1925  and  on  the  shore  of  James  Island,  April  4,  1923,  indicate 
that  this  is  the  dominant  breeding  season. 

Technical  Description. — Approximate  body  length,  tip  of  rostrum  to  tip 
of  telson  uncoiled,  57  mm.;  carapace  15  mm.  long,  maximum  width  11  mm.; 
great  cheliped  34  mm.  long. 

Carapace  with  the  frontal  margin  about  straight,  rostral  point  absent; 
lateral  projections  small,  pointed.  Anterior  region  of  the  carapace  subrectangu- 
lar,  slightly  wider  posteriorly  dorsal  surface  slightly  convex  and  covered  with 
scale-like  imbrications  which  are  smaller  anteriorly,  nearly  absent  in  the  outer 
and  much  larger  on  the  posterior  half  which  region  also  bears  numerous  fine  setae. 
The  posterior  region  of  the  carapace  is  decidedly  convex,  with  a hard,  hour- 
glass shaped  median  calcareous  plate,  to  which  are  closely  fused  the  paired,  sub- 
oval, calcareous  plates  which  cover  the  greater  part  of  the  dorsal  surface.  These 
plates  are  harder  on  the  anterior  and  inner  regions  but  pass  almost  impercep- 
tibly into  a tough,  semicalcareous  reticulated  membrane  on  the  outer  and  pos- 
terior parts. 

The  abdomen  is  asymmetrical,  coiled  and  tapering  encased  in  a very  tough, 
leathery  membrane;  the  first  four  segments  are  clearly  indicated;  there  is  a 
harder,  central  suboval  median  patch  between  the  second  and  third  segments — 
also  another  between  the  third  and  fourth  segments;  the  penultimate  segment 
bears  a subquadrate  calcareous  plate  on  its  dorsal  surface.  The  telson  is  small, 
transversely  bent;  the  basal  joint  of  the  rhipidura  is  nearly  as  strong  as  the  larger 
blade  which  latter  bears  a large  ovate  patch  of  brown  scales  and  is  fringed  on 
the  margins  with  long  silky  setae;  the  inner  blade  is  quite  small,  scarcely  reach- 
ing to  the  distal  end  of  the  basal  joint,  and  bearing  a patch  of  scales  on  its  own 
distal  region. 

The  female  bears  three  biramose  appendages  which  arise  from  the  anterior 
lateral  margin  of  the  left  side  of  the  second,  third  and  fourth  abdominal  seg- 
ments respectively.  The  most  anterior  appendage  is  the  smallest,  the  median 
appendage  is  the  longest  and  the  posterior  one  is  slightly  shorter.  Each  appen- 
dage has  both  blades  fringed  with  long  silky  setae.  There  are  rudimentary 
indications  of  the  second  and  third  appendage  on  the  right  side.  In  the  male 
there  are  rudimentary  indications  of  appendages  on  both  sides  of  the  third  and 
fourth  segments. 

The  ocular  peduncles  are  about  as  long  as  the  anterior  margin  of  the  cara- 
pace and  are  strongly  compressed,  and  excavated  on  the  proximal  part  of  the 
inner  faces  for  the  reception  of  the  inner  antennae  when  retracted;  the  outer 
surfaces  are  similarly  excavated  on  the  lower  half  to  afford  space  for  the  peduncu- 
lar joints  of  the  external  antennae  while  on  the  upper  half  they  are  exceedingly 
thin  but  convex,  and  covered  with  rough,  scale-like  granulations;  the  upper 
distal  margin  is  slenderly  produced  above  the  cornea  and  is  also  covered  with 
rough  scales.  The  cornea  is  terminal,  exceedingly  compressed,  shielded  on  the 
upper  and  inner  faces  by  the  produced  eyestalk,  with  the  distal  surface  very 
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narrow  and  the  outer  surface  triangulate  and  but  little  convex.  The  ocular 
scale  is  triangular,  the  two  are  set  close  together  and  extend  about  one-third 
of  the  length  of  the  ocular  peduncle. 

The  external  antennae  have  the  peduncular  articles  laterally  compressed; 
the  first  article  is  subcrescentric,  produced  on  its  upper  surface  into  an  acute 
process  which  reaches  to  the  base  of  the  third  joint;  the  second  joint  is  very 
small  and  is  ventral  in  position;  the  third  joint  is  small,  compressed,  about  as 
broad  on  its  outer  side  as  long;  the  fourth  joint  is  also  compressed  and  is  about 
as  long  as  the  eyestalk;  the  flagellum  is  composed  of  sixty-five  short  stout  rings, 
each  of  which  bears  a series  of  short,  stiff  setae  on  the  distal  margin. 

The  inner  antennae  have  the  basal  articles  enlarged  and  produced  into  a 
crest  on  the  upper  proximal  surface,  the  distal  portion  slender;  the  second  and 
third  articles  are  long,  slender,  subequal,  compressed  rods;  the  flagellum  is 
biarticulate,  the  proximal  half  of  the  longer  branch  consists  of  ten  rings;  the 
distal  half  of  the  flagellum  is  one  long  articulation  which  is  constricted  on  its 
upper  surface  simulating  annulations;  its  lower  third  is  defined  from  the  upper 
two-thirds  by  a longitudinal  groove.  The  distal  end  is  furnished  with  short, 
soft,  silky  setae  on  its  lower  edge.  The  inner  antennae  are  four-fifths  as  long  as 
the  outer  antennae.  When  retracted  the  former  pair  fold  upon  themselves  and 
fit  between  the  eyestalks. 

The  chelipeds  are  similar,  the  left  one  being  substantially  larger  than  the 
right.  Each  has  the  proximal  joints  small  but  strong;  the  meral  joint  is  ex- 
tremely compressed  laterally  with  distal  part  trigonal,  the  anterior  distal  face 
triangulate  and  imbricated,  the  upper  inner  margin  terminating  distally  in  an 
acute  tooth,  while  the  outer  lateral  margin  especially  of  the  larger  chela  is  pro- 
duced into  a rough  imbricated  process.  The  carpus  is  short  and  stout,  trigonal, 
with  the  outer  surface  convex  and  imbricated  especially  along  the  inner  margin. 
The  hand  is  as  broad  proximally  as  its  greatest  length,  from  the  propodal  base 
to  the  tip  of  the  propodal  finger;  the  outer  surface  is  convex,  the  lower  proximal 
part  is  produced  into  a rounded,  laminar  lobe;  the  outer  surface  is  covered  with 
scale-like  imbrications.  The  propodal  finger  is  short,  stubby  and  blunt,  set  with 
one  large  subdistal  tooth.  The  hinged  finger  is  only  two-thirds  as  wide  basally 
as  the  propodal,  is  stout,  set  obtusely  and  slightly  gaping,  blunt  distally  and 
armed  on  the  inner  surface  with  two  teeth;  the  outer  surface  is  covered  with 
scale-like  tubercles. 

The  second  ambulatory  legs  are  longer  than  the  first  pair  by  one  third  the 
length  of  the  dactyl.  Both  the  first  and  second  pairs  have  the  meral  joints 
decidedly  compressed,  that  of  the  first  leg  being  flattened  on  both  sides,  while 
that  of  the  second  leg  is  a little  thicker  and  is  convex  on  the  outer  surface  and 
covered  with  squamosities;  the  carpal  joint  of  the  first  leg  is  slightly  shorter 
than  that  of  the  second,  its  inner  face  is  flattened,  the  upper  face  is  slightly 
convex,  the  outer  lateral  face  is  much  narrower  than  the  others  and  is  flat  and 
thickly  set  with  squamosities  which  become  very  coarse  and  sharp  along  the 
inferior  lateral  margin;  the  carpal  joint  of  the  second  leg  is  slightly  longer  than 
that  of  the  first  and  less  pronouncedly  trigonal,  the  outer  and  under  faces  merg- 
ing without  a ridge;  the  dactyli  are  the  longest  joints  of  the  respective  append- 
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ages,  that  of  the  second  being  almost  a third  longer  than  that  of  the  first;  both 
are  stout,  curved,  covered  with  small  squamosities  and  set  with  small  tufts  of 
short  bristles.  The  third  pair  of  ambulatory  legs  are  typically  modified,  being 
closely  appressed  to  side  of  posterior  region  of  the  carapace;  the  meral  is  the 
largest,  being  broad,  almost  subovate;  the  carpal  joint  is  somewhat  smaller, 
squamose  on  its  outer  surface  and  fringed  with  long  silky  setae  along  its  anterior 
margin;  the  propodus  is  subchelate,  suboval,  covered  on  the  outer  surface, 
except  for  a small  basal  area  with  squamose,  brown  scales;  the  margin  is  fringed 
with  long  silky  setae;  the  finger  is  very  small,  squamose  and  setigerous,  situated 
on  the  proximal  anterior  part  of  the  palm. 

The  fifth  pair  of  ambulatory  legs  are  slender,  short  and  subcylindrical  with 
the  distal  third  folding  back  upon  the  proximal  part;  the  large  curved,  paired 
male  appendages  arise  from  the  coxal  joints  and  are  nearly  as  large  as  the  re- 
mainder of  the  leg.  The  appendages  are  strong,  lie  close  together  and  are 
strongly  arched;  they  are  pointed  at  the  tip  which  is  covered  with  silky  brown 
setae.  The  ischium  of  the  fifth  leg  is  short,  the  merus  is  long,  subcylindrical, 
the  carpus  is  about  two-thirds  as  long  as  the  merus;  the  “palm”  of  the  propodus 
is  as  long  as  the  carpus;  the  finger  is  three-fourths  as  long  as  the  palm  and  is 
spatulate.  The  outer  face  of  the  palm  bears  an  ovate  patch  of  brown  scales  and 
the  remaining  faces  of  the  palm  and  both  fingers  are  covered  with  silky  brown 
setae. 

Genus  Clibanarius 

Clibanarius  chetyrkini,  sp.  nov. 

Name. — It  is  a pleasure  to  name  this  species  for  Mr.  Serge  Chetyrkin, 
preparator  of  the  Tropical  Research  Station  of  The  New  York  Zoological 
Society. 

Type. — Three  male  specimens  were  taken  at  station  54,  Gardner  Bay, 
Hood  Island,  Galapagos,  by  William  Beebe  while  diving  in  fifteen  feet  of  water. 

Galapagos  Distribution. — Arcturus  station  54,  Gardner  Bay,  Hood  Island 
(type-locality). 

General  Distribution. — Known  only  from  the  Galapagos  Islands. 

Material  Examined.— Three  males  from  Arcturus  station  54,  Gardner  Bay, 
Hood  Island,  Galapagos  Islands. 

Technical  Description. — Approximate  body  length,  tip  of  rostrum  to  tip 
of  telson  uncoiled  39  mm.;  carapace  13.5  mm.  long,  5 mm.  wide  at  frontal 
border;  great  cheliped  11.5  mm.  long. 

Carapace  with  the  frontal  margin  sinuous,  rostral  point  well  developed, 
triangular,  acuminate,  submedian  projections  less  pronounced.  Anterior 
region  of  carapace  covered  with  a calcareous  plate  both  on  the  dorsal  and  lateral 
surfaces.  Posterior  region  subglobose,  membraneous,  with  a slight  irregular 
calcareous  element  along  its  anterior  dorsal  and  lateral  margins.  There  are 
several  tufts  of  long  spine-like  setae  regularly  placed  along  the  anterior  border  of 
the  posterior  region  of  the  carapace.  Similar  but  much  narrower  tufts  are 
regularly  spaced  forming  rows  on  the  remainder  of  the  posterior  region  while 
on  the  lateral  parts  of  the  anterior  region  of  the  carapace  there  are  wide  tufts  of 
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Fig.  8.  Clibanarius  chetyrkini,  new  species,  typeX3. 

long  spine-like  setae  and  the  dorsal  surface  is  sparsely  set  with  short,  irregularly 
placed  setae. 

Between  the  bases  of  the  second  ambulatory  legs  there  is  a short  transverse 
calcareous  bar  and  just  anterior  to  the  latter  there  is  a longer  but  much  narrower 
process  which  has  the  anterior  margin  rounded  and  setiferous.  Between  the 
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bases  of  the  third  ambulatory  legs  there  is  a slender  transverse  bar  which  has 
the  anterior  margin  setiferous. 

On  the  ventral  thoracic  surface  just  about  midway  between  the  last  men- 
tioned transverse  bar  and  the  bases  of  the  fifth  legs  there  are  a submedian  pair  of 
rounded,  calcareous  processes  each  of  which  arises  from  the  softer  membrane  and 
has  its  entire  edge  fringed  with  long  stiff  setae. 

The  abdomen  is  membraneous,  asymmetrical,  coiled  and  tapering.  The 
last  abdominal  segment  is  subrectangular  with  its  anterior  margin  a little 
rounded  and  is  calcareous  like  the  telson  and  has  a distinct  slightly  depressed 
median  dorsal  line,  also  a pair  of  submedian  tufts  of  stiff  setae. 

The  abdominal  appendages  of  the  second,  third,  fourth  and  fifth  segments, 
four  in  number,  are  on  one  side  only  in  the  males  (females  unknown).  Each 
appendage  consists  of  a well-developed  base,  a long,  narrow  ovate  anterior  branch 
and  a rudimentary  posterior  branch  which  is  neither  quite  as  long  nor  as  wide 
as  the  peduncular  joint;  both  branches  are  fringed  with  long,  rather  stiff,  brown- 
ish black  setae. 

The  telson  is  transversely  segmented,  the  proximal  part  being  subrec- 
tangular consisting  of  two  convex  lobes  separated  by  a decided  median  depression 
and  also  having  the  two  lesser  submedian  depressions  on  the  distal  half;  the 
terminal  section  is  asymmetrical  with  two  transverse  incisions  on  the  lateral 
margins  and  one  incision  in  the  median  distal  margin;  the  posterior  margins  of 
both  sections  of  the  telson  are  fringed  with  long  setae. 

The  rhipidura  are  typical  of  the  members  of  this  genus,  with  a substantial, 
curved,  calcareous  base  armed  with  spinose  setae,  a short,  button-like  outer 
branch,  the  external  face  of  which  is  covered  with  close-set  scales  and  a longer 
branch  which  also  has  a large  patch  of  scale-like  squamosities  on  its  outer 
surface. 

The  ocular  peduncles  are  cylindrical,  slightly  dilated  at  the  base,  set  with 
small  tufts  of  setae  on  the  upper  and  outer  surfaces;  the  cornea  is  terminal, 
subspherical,  composed  of  many  minute  hexagonal  facets;  the  proximal  margin 
is  sinuate.  The  eyestalks  are  about  as  long  as  the  width  of  the  anterior  border 
of  the  carapace;  they  reach  almost  to  the  distal  end  of  the  antennulae.  The 
ocular  scales  are  separated  from  each  other  by  a space  equal  to  the  basal  width 
of  one  scale;  each  scale  is  triangular,  5 mm.  wide  at  the  base  and  1 mm.  long, 
with  an  acuminate  apex. 

The  peduncles  of  the  antennulae  are  slender,  compressed  cylindrical  and 
reach  almost  to  the  cornea;  the  flagellum  is  biramose,  the  inferior  branch  being 
about  three-fifths  as  long  as  the  superior  branch  on  its  lower  face. 

The  external  antennae  have  the  first  joint  trigonal,  produced  to  a distal 
acuminate  point  on  both  the  upper  and  lower  outer  lateral  margins  and  with 
several  long  spinose  setae  at  both  the  outer  and  inner  dorsal  lateral  angles.  The 
first  segment  supports  the  acicule,  is  irregularly  triangular,  heavily  set  with 
spine-like  hairs  on  the  dorsal  surface  and  tapering  to  an  acuminate  point  distally. 
It  almost  entirely  covers  the  third  segment.  The  second  and  third  segments  are 
small,  the  second  being  quite  ventral  in  position  while  the  third  is  beneath  the 
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acicule;  the  fourth  segment  is  about  as  long  as  the  first  three  taken  together  and 
is  quite  slender,  compressed  cylindrical;  the  flagellum  consists  of  about  fifty- 
four  rings  and  reaches  to  midway  the  propodus  of  the  cheliped. 

The  external  maxillipeds  are  closely  approximated. 

The  chelipeds  are  equal  in  the  male.  They  have  the  proximal  joints  small 
but  well  developed;  the  merus  is  long,  curved,  wide  laterally  but  decidedly  com- 
pressed, the  dorsal  edge  being  sublinear  and  heavily  set  with  tufts  of  setae.  The 
upper  and  outer  surfaces  of  the  merus  are  broken  by  a subdistal  transverse  line 
simulating  segmentation;  the  lower  lateral  portion  of  this  area  is  bisected  by 
a short,  longitudinal  line.  The  carpus  is  curved,  thick,  nearly  as  long  on  its 
dorsal  face  as  the  palm  of  the  propodus  from  which  it  is  rather  difficult  to 
distinguish,  the  articulation  being  almost  imperceptible.  The  propodus  is  6 mm. 
long  and  3.5  mm.  wide  at  base;  the  palm  is  3 mm.  long,  the  hinged  finger  is  also 
3 mm.  long.  The  propodus  is  stout  and  quite  thick  and  tapers  slightly  toward 
the  distal  end  which  is  broadly  rounded.  The  two  lateral  and  the  dorsal  surfaces 
of  both  the  propodus  and  carpus  are  covered  with  large  conical  tubercles  each  of 
which  arises  from  the  approximate  outer  of  one  of  the  white  maculations; 
each  tubercle  is  fringed  anteriorly  by  a semicircle  of  bristly  stiff  blackish  brown 
setae.  There  are  also  a few  single  long  black  setae  irregularly  arising  from  the 
white  maculations.  These  long  hairs  are  more  abundant  on  the  carpus. 

The  propodal  finger  is  slightly  wider  at  the  base  than  the  hinged  finger 
which  latter  bears  a strong,  interlocking  proximal  tubercle  on  the  dorsal  (outer) 
surface.  Both  fingers  fit  closely  upon  each  other;  the  fixed  finger  has  its  proximal 
lobe  overlapping  the  base  of  the  hinged  finger  and  following  this  there  are  three 
unusually  well-developed  molars  along  the  cutting  edge,  the  tips  are  decidedly 
rounded,  deeply  spoonshaped,  and  have  the  distal  margin  with  a deep  rim  of 
brown  corneous  substance.  Inside  the  concavity  of  each  finger  there  are  two 
tufts  of  setae,  and  along  the  inner  lateral  margins  of  each  finger  there  are  similar 
tufts  of  setae. 

The  %st  and  second  ambulatory  legs  are  similar  and  subequal,  they  are 
each  a trifle  longer  than  the  cheliped.  The  merus  of  the  first  leg  is  long,  curved, 
decidedly  compressed  except  the  upper  distal  area  which  is  slightly  thicker;  the 
upper  dorsal  surface  bears  a longitudinal  series  of  tufts  of  long  stiff  setae;  the 
carpus  is  about  two-thirds  as  long  as  the  merus  and  is  much  more  robust.  It 
has  several  longitudinal  rows  of  tufts  of  stiff  setae;  the  propodus  is  a trifle  longer 
than  the  carpus  but  is  more  compressed  cylindrical  and  has  more  long  tufts  of 
setae  on  the  dorsal  surface;  the  dactyl  is  well-developed,  curved,  with  the  outer 
surfaces  a little  convex,  a sharp  horny  spine  at  the  tip;  the  dorsal  and  ventral 
faces  are  each  set  with  a longitudinal  series  of  very  long  coarse  tufts  of  setae. 
The  second  leg  is  very  similar  to  the  first  except  that  it  has  the  outer  side  of  the 
merus  moderately  convex  instead  of  flattened. 

The  fourth  pair  of  legs  are  typically  small  and  fitted  close  to  the  sides  of  the 
body.  The  first,  and  second,  and  third  proximal  joints  are  flattened  and  curved 
to  fit  the  body;  the  merus  is  also  wide  and  flattened  and  is  nearly  twice  as  long 
as  the  ischium;  the  carpus  is  about  two-thirds  as  long  as  the  merus  and  forms  a 
decided  elbow  with  its  outer  lateral  margin  armed  with  several  tufts  of  long 
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setae;  the  propodus  is  about  as  long  as  the  carpus  and  is  broadly  rounded  on  its 
posterior  lateral  margin;  it  is  decidedly  chelate,  the  dactyl  forming  a slender 
curved  finger  which  fits  closely  upon  the  thicker  propodal  finger.  The  distal 
three-fourths  of  the  outer  surface  of  the  propodus  is  covered  with  golden-yellow 
squamae. 

The  fifth  pairs  of  legs  is  small,  well  separated  from  the  preceding  pair  and 
in  the  male,  modified  for  sexual  purposes.  There  is  a strong  V-shaped  calcareous 
arch  beneath  the  legs  with  its  apex  thickened  and  projecting  from  beneath  and 
between  the  coxal  joints;  it  has  a stiff  brush  of  setae  on  its  anterior  margin,  as 
have  also  the  coxal  joints,  which  bear  the  paired,  rounded,  genital  apertures. 
The  basis  is  small;  the  ischium  is  much  longer,  the  merus  is  about  one-third 
longer  than  the  ischium;  the  carpus  is  about  two-thirds  as  long  as  the  merus;  the 
propodus  is  nearly  as  long  as  the  merus  and  has  its  outer  lateral  margin  decidedly 
curved  and  its  upper  surface  decidedly  convex  and  with  a large  suboval  patch  of 
squamae  on  the  distal  area;  the  dactyl  is  small,  terminal,  covered  on  its  upper 
surface  with  squamae  and  nearly  hidden  by  a long  brush  of  golden  setae  which 
arise  at  the  base  of  the  finger  and  are  twice  as  long  as  it  is.  The  finger  fits  so 
closely  upon  the  propodus  that  it  is  difficult  to  distinguish  it.  There  are  tufts  of 
delicate  long  setae  on  both  lateral  margins  of  the  merus,  carpus  and  propodus 
also. 

Family  Porcellanidae 

Key  to  the  Galapagos  genera  of  the  Family  Porcellanidae 

I.  Lateral  walls  of  the  carapace  (epimera,  or  sub-branchial  region)  entire. 
Chelipeds  equal  or  nearly  equal,  broad,  flattened;  carpus  elongate 

Petrolisthes 

II.  Lateral  walls  of  the  carapace  with  the  linea  anomurica  clearly  defined. 
Chelipeds  decidedly  unequal,  broad,  stocky,  convex  dorsally;  carpus  short 

Pisosoma 

Genus  Petrolisthes  Stimpson 
Key  to  the  Galapagos  species  of  the  Genus  Petrolisthes 

I.  Carpus  of  chelipeds  with  the  anterior  lateral  margin  cut  into  three  or  more 
prominent  teeth;  dorsal  surface  of  carpus  very  rough,  covered  with  trans- 
verse rugae. 

A.  Anterior  lateral  margin  of  carpus  of  chelipeds  armed  with  three  shallow 

teeth;  merus  of  first  and  second  ambulatory  legs  with  one  subdistal 
spine  on  posterior  lateral  margin;  no  such  spine  on  merus  of  third 
ambulatory  leg.  Lateral  margin  of  carapace  terminating  anteriorly 
in  a sharp  hepatic  spine armatus 

B.  Anterior  lateral  margin  of  carpus  of  chelipeds  armed  with  three  large, 
deep  serrated  teeth  and  several  minute  ones;  merus  of  first,  second  and 
third  ambulatory  legs,  three-fifths  as  wide  as  long,  set  with  a series  of 
sharp  spines  on  the  anterior  lateral  margin.  Carapace  and  chelipeds 
covered  with  large  transverse  scale-like  rugae  which  are  fringed 
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anteriorly  with  setae;  three  grooves  on  the  carapace  form  an  equi- 
lateral triangle  with  the  apex  directed  posteriorly edwardsii 

C.  Anterior  lateral  margin  of  the  carpus  of  chelipeds  cut  into  six  large 

serrate  teeth  each  of  which  has  the  margins  finely  denticulate;  dorsal 
surface  of  carpus  crossed  by  a series  of  prominent  oblique  rugae. 
Merus  of  first,  second  and  third  ambulatory  legs  twice  as  long  as  wide, 
crossed  by  a series  of  transverse  rugae,  each  ruga  terminating  at  each 
lateral  margin  in  a sharp  small  spine.  Carapace  but  little  convex; 
lateral  margin  delineated  by  a sharp  line  which  terminates  anteriorly 
in  a sharp  hepatic  spine;  a second,  similar  spine  occurs  a little  above 
the  lateral  line  and  almost  as  far  behind  the  hepatic  spine  as  the  latter 
is  from  the  postorbital  spine.  Entire  surface  of  carapace  covered  by 
strong,  unbroken,  transverse  rugae  which  are  equally  prominent  on 
the  anterior,  median  and  posterior  regions  of  the  carapace.  Distal 
pair  of  sutures  of  the  telson  oblique amoenus  (Guerin) 

D.  Anterior  lateral  margin  of  carpus  of  chelipeds  cut  into  five  acute 

triangular  teeth,  each  of  which  has  its  margins  denticulate;  a series  of 
about  six  prominent,  rounded  squamae  form  a median  ridge  on  the 
dorsal  surface  of  the  carpus,  smaller  granules  are  scattered  in  the 
remaining  dorsal  area.  Carapace  convex  in  both  directions;  lateral 
margins  delineated  by  a line  which  terminates  anteriorly  in  a single 
sharp  hepatic  spine.  Dorsal  surface  of  carapace  devoid  of  rugae  ex- 
cept for  one  pair  of  wide  transverse  rugae  on  the  anterior  part  of  the 
gastric  region;  carapace  minutely,  sparsely  granulose  and  finely  hirsute. 
Distal  pair  of  sutures  of  the  telson  oblique galathinus  (Bose) 

II.  Carpus  of  chelipeds  with  the  anterior  lateral  margins  not  cut  into  teeth; 
dorsal  surface  of  carpus  never  very  rough;  granulose  or  finely  tuberculate. 

A.  Carpus  of  chelipeds  two-thirds  as  wide  as  long;  lateral  margins  slightly 

convergent  distally;  the  anterior  proximal  angle  produced  to  a promi- 
nent rounded  lobe;  the  dorsal  surface  is  granulose,  the  granules  being 
coarser  and  thicker  along  the  posterior  lateral  margin  where  they  form 
a submarginal  ridge  which  terminates  distally  in  a prominence;  there 
also  is  usually  a similar  median  ridge  on  the  proximal  half  of  the  carpus. 
The  carapace  is  longer  than  wide;  slightly  convex  longitudinally; 
deeply  areolated,  finely  granulose,  with  the  branchial  regions  finely 
striated  transversely.  The  distal  pair  of  sutures  of  the  telson  are 
oblique.  The  external  maxilliped  has  the  inner  lateral  margin  of  the 
merus  produced  into  a prominent  rounded  lobe cinctipes 

B.  Carpus  of  chelipeds  one  and  three-fourths  to  twice  as  long  as  wide, 

lateral  margins  parallel;  inner  proximal  angle  rounded  but  not  pro- 
duced; dorsal  surface  finely,  irregularly  granulose  and  minutely  punc- 
tate; areolations  distinct,  branchial  regions  lightly  striated  transversely. 
The  distal  pair  of  sutures  of  the  telson  are  nearly  transverse.  The  ex- 
ternal maxilliped  has  the  inner  lateral  margin  of  the  merus  produced  to 
a broad  rounded  lobe;  the  distal  extremity  of  the  ischium  is  rather 
truncated  and  rounded eriomerus 
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Fig.  9.  Petrolisthes  armatus  (Gibbes)X3. 

Petrolisthes  armatus  (Gibbes).  Elfin  crab. 

Porcellana  armata  Gibbes,  Proc.  Amer.  Assoc.  Adv.  Sci.  vol.  3, 
p.  190,  1850. 

Porcellana  gundlachii  Guerin,  in  La  Sagra’s  Hist.  Cuba,  vol.  8, 
(atlas),  Articulata,  pi.  2,  fig.  6,  1855. 

Petrolisthes  armatus  Rathbun,  Proc.  U.  S.  Nat.  Mus.  vol.  38, 
p.  558,  pi.  41,  fig.  3,  1911.  Boone,  Bull.  Vanderbilt  Marine 
Mus.  Ill  p.  73,  pi.  19,  1930.  (With  comprehensive  synonymy.) 

Diagnostic  Characters. — Carpus  of  cheliped  about  twice  as  long  as  wide; 
armed  with  three  shallow  teeth  on  anterior  margin;  merus  of  first  and  second 
ambulatory  legs  with  one  subdistal  spine  on  posterior  lateral  margin;  no  such 
spine  on  merus  of  third  ambulatory  leg.  Lateral  margins  of  carapace  termina- 
ting anteriorly  in  a sharp  distal  (or  hepatic)  spine. 

Type. — Gibbes’  type  material,  which  came  from  the  West  Indies,  is  de- 
posited in  the  Academy  of  Natural  Sciences  of  Philadelphia. 

Galapagos  Distribution. — Two  specimens  of  this  species  taken  at  Eden 
Island,  April,  1923,  appear  to  be  the  first  Galapagan  record  for  this  well  known 
species. 
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General  Distribution. — From  southern  Florida  southward  through  the 
West  Indies  and  Bermudas  to  Brazil;  from  Lower  California  southward, 
including  the  Galapagos  Islands,  to  Peru;  the  Indo-Pacific  region. 

Technical  Description. — Carapace  8 mm.  long,  10.5  mm.  maximum  width; 
moderately  convex;  surface  covered  with  flattish  broken  transverse  rugae 
which  are  more  prominent  on  the  lateral  branchial  regions.  Rostrum  broadly 
triangular  with  a distinct  but  shallow  median  depression;  frontal  margin  slightly 
sinuate  and  finely  crenulated;  the  superior  orbital  margin  is  unbroken.  The 
lateral  margins  are  carina-like  and  terminate  sharply  in  a sharp  postorbital 
spine.  The  hepatic  sinus  is  shallow  but  distinct.  The  anterolateral  or  postor- 
bital angle  is  almost  right  angled.  There  are  a pair  of  wide  transverse  ridges 
slightly  separated  from  each  other  by  the  median  groove,  which  taken  together 
form  a prominent  postrostral  transverse  groove  across  the  anterior  gastric 
region.  The  abdomen  is  composed  of  six  segments  of  which  the  anterior  three 
are  dorsally  visible,  the  remaining  segments  being  loosely  flexed  under  the  body. 
The  first  segment  is  but  little  more  than  half  as  wide  and  long  as  the  second  and 
has  its  antero-lateral  margins  narrowly  rounded,  its  postlateral  margins  con- 
vergent; the  second,  third,  fourth  and  fifth  segments  are  subequal,  each  has  its 
lateral  margin  separately  rounded  and  heavily  fringed  with  long  plumose  setae; 
the  sixth  segment  is  narrower  than  the  fifth  and  has  its  lateral  process  slenderly 
acuminate  and  narrow,  excavate  for  the  reception  of  the  peduncle  of  the  rhipid- 
ura.  The  telson  is  subtriangular  with  the  lateral  and  posterior  margins  rounded; 
it  consists  of  a short  proximal  median  triangular  plate  which  has  the  lateral 
contour  sinuate;  and  a pair  of  lateral  lobes  which  surround  and  project  beyond 
the  median  plate;  each  lateral  lobe  is  transversed  by  a pair  of  sinuate  sutures 
which  extend  from  opposite  the  inner  distal  margin  inward  to  the  suture 
around  the  median  lobe;  there  is  also  a posterior  pair  of  sutures  which  extend 
inward  a little  obliquely  to  the  median  membraneous  area  which  is  just  posterior 
to  the  apex  of  the  median  proximal  plate;  this  median  membraneous  area  con- 
tinues as  a median  line  separating  the  lateral  lobes;  there  is  also  a clear  cut 
median  incision  separating  the  convex-margined  lateral  lobes.  Thus  the  telson 
is  composed  of  a proximal  median  plate  which  is  surrounded  by  two  lateral  lobes, 
each  of  which  is  broken  by  sutures  into  three  parts,  giving  the  telson  the  appear- 
ance of  being  composed  of  seven  plates.  The  rhipidura  have  the  peduncle 
broad  and  short  with  its  outer  margin  cut  into  three  unequal  lobes  of  which  the 
most  anterior  is  small  and  acuminate;  the  median  larger  and  subangulate;  the 
posterior,  as  large  as  the  other  two  taken  together  and  broadly  rounded;  the 
inner  blade  is  longer  and  is  elongate — oval  with  its  distal  margin  broadly  rounded, 
finely  crenulate  and  heavily  fringed  with  long  plumose  setae;  the  outer  blade  is 
slightly  shorter,  oval  and  has  its  outer  lateral  margin  more  convex  than  that 
of  the  inner  blade;  the  outer  blade  is  also  crenulate  on  the  margin  and  heavily 
fringed  with  long  setae. 

The  female  abdominal  appendages  consist  of  three  pairs,  which  respectively 
arise  from  the  third,  fourth  and  fifth  abdominal  segments;  each  branch  is  unira- 
mose,  consisting  of  a longish  peduncle  and  a longer  tapering  branch  which  is 
furnished  with  several  heavy  limb-like  setae  to  which  the  clustered  eggs  are  at- 
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tached.  The  first  pair  of  appendages  are  quite  short,  the  second  pair  about  a 
third  longer  than  the  first  pair,  while  the  third  or  posterior  pair  are  nearly  twice 
as  large  ars  the  first  pair. 

The  chelipeds  are  slightly  unequal,  the  left  being  the  larger.  Each  cheliped 
is  broad  and  flat,  with  the  three  proximal  joints  small,  the  merus  short  and  broad 
distally,  trigonal,  with  a single  small  spine  on  its  posterior  distal  margin,  also  a 
small  spine  on  its  ventral  anterior  distal  margin;  there  is  also  a subdistal,  curved, 
transverse  ruga  on  the  dorsal  surface  of  the  merus;  the  carpus  is  three-fourths 
as  long  as  the  maximum  width  of  the  carapace  or  about  twice  as  long  as  its  own 
width  and  is  trigonal,  its  upper  surface  being  relatively  flat  and  covered  with 
small  rugae;  the  anterior  margin  is  armed  with  three  teeth;  the  distal  dorsal 
margin  is  sinuate,  armed  with  two  or  three  spines;  the  dorsal  posterior  lateral 
margin  is  accentuated  by  a longitudinal  series  of  six  or  seven  forward-pointing 
spines;  the  anterior  lateral  face  of  the  carpus  is  slightly  excavate  so  that  the 
reflexed  propodus  fits  closely  into  it;  the  posterior  lateral  face  of  the  carpus  is 
convex;  the  propodus  is  very  large,  being  17  mm.  long,  or  twice  as  long  as  the 
carpus,  the  palm  comprising  two-thirds  of  this  length.  The  palm  is  triangular, 
widening  distally;  the  outer  surface  is  flat,  covered  with  small  crimson  rugae; 
the  propodal  finger  is  triangular  with  the  tip  upcurved,  the  cutting  slightly 
carinate  and  sinuate.  The  hinged  finger  is  subequal  to  the  propodal  finger  but 
has  a decided  submarginal  groove  paralleling  its  upper  lateral  margin.  The  left 
cheliped  has  its  propodal  finger  narrower  than  that  of  the  right  cheliped  and  its 
hinged  finger  much  broader  basally.  There  is  a distinct  gape  between  the  fingers 
of  the  left  cheliped,  the  propodal  finger  also  having  a slight  excavation  near  its 
distal  end  and  its  apex  not  upcurved;  the  tip  of  the  hinged  finger  is  curved  and 
convex  subdistally. 

The  inner  depressed  area  of  the  cutting  edge  of  both  the  hinged  fingers  also 
the  basal  area  of  the  propodal  fingers  is  densely  pilose;  these  hairs  forming  a 
short  velvety  brush  which  is  not  visible  in  an  external  view  of  the  chelipeds. 

The  first,  second  and  third  pairs  of  ambulatory  legs  are  similar;  the  first 
and  second  pairs  are  subequal  in  length;  the  third  being  shorter,  reaching  only  to 
midway  the  propodus  of  the  second  pair.  Each  leg  has  the  merus  broad,  one-half 
as  wide  as  long,  with  the  anterior  lateral  margin  armed  with  three  or  more  spines 
and  fringed  with  plumose  setae;  the  posterior  lateral  margin  of  the  first  and 
second  legs  is  armed  with  a sharp  subdistal  spine  which  is  absent  on  the  third 
leg;  the  carpus  is  a little  more  than  half  as  long  as  the  merus  and  is  much  nar- 
rower; it  is  convex  dorsally,  widening  a little  distally  and  the  upper  distal  angle 
is  roundly  produced;  the  propodus  is  about  as  long  as  the  carpus  but  is  much 
slenderer  and  is  produced  distally  on  its  posterior  lateral  margin  into  a rounded 
process  which  reinforces  the  dactyl  joint;  the  dactyl  is  slightly  more  than  half  as 
long  as  the  propodus  and  is  stout  and  curved  with  an  acuminate  tip.  The  four 
distal  joints  of  these  legs  are  well  furnished  with  tufts  of  setae;  also  few  plumose 
setae. 

The  fifth  pair  of  legs  are  characteristically  small,  slender,  reflexed  and  chelate. 
The  merus  is  very  long,  the  carpus  almost  as  long  as  the  merus  but  slenderer  and 
furnished  with  a brush  of  setae  on  the  inner  distal  margin;  the  propodus  is 
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scarcely  two-fifths  as  long  as  the  carpus  and  the  subequal  spoonshaped  fingers 
comprise  a third  of  this  length;  the  propodus  and  closed  fingers  are  cylindrical 
and  covered  with  stiff  setae;  the  apices  of  the  fingers  are  broadly  rounded. 

The  eyestalks  are  short,  stout,  constricted  below  the  cornea  and  produced 
distally  on  the  dorsal  surface  into  a rounded  process  which  projects  on  the  cor- 
nea; the  cornea  is  large,  elliptical. 

The  inner  antennae  have  the  basal  article  greatly  enlarged  and  with  the 
distal  half  produced  into  a lobate-lanceolate  process  which  has  the  outer  surface 
excavate  and  the  distal  margin  crenulate;  the  inner  distal  angle  is  notched  for  the 
reception  of  the  second  joint  and  just  outside  this  the  distal  margin  is  produced 
into  an  acuminate  process  which  is  separated  from  the  larger  outer  distal  margin 
by  a V-shaped  sinus;  the  second  and  third  articles  are  long,  slender,  cylindrical, 
the  second  being  slightly  longer  than  the  third  and  dilated  distally;  the  flagellum 
is  biram ose,  both  branches  being  short;  the  inferior  branch  consists  of  a stocky 
basal  joint  and  four  minute  tapering  joints;  the  superior  branch  is  slightly 
longer,  is  stouter  and  is  as  long  as  the  preceding  peduncular  joint  and  is  com- 
posed of  numerous  short  tapering  rings  and  furnished  with  a heavy  brush  of 
plumose  setae  on  the  ventral-lateral  face. 

The  external  antennae  have  the  basal  article  short  and  produced  on  its 
anterior  lateral  margin  into  an  oval  process  which  bears  midway  its  anterolateral 
margin,  a sharp  spine;  the  second  joint  is  cylindrical,  equal  or  a trifle  longer  than 
the  first  joint  and  with  the  anterolateral  margin  roughened  with  tubercles  and 
having  one  larger  triangular  tubercle  a little  more  proximal  and  median.  The 
third  joint  is  only  two-thirds  as  large  as  the  preceding  one  and  is  convex-cylin- 
drical, the  flagellum  is  23  mm.  long,  reaching  to  midway  the  propodus  and  con- 
sisting of  numerous  short  subequal  annulations. 

The  external  maxillipeds  are  very  large;  when  extended  they  reach  almost 
to  the  distal  end  of  the  carpus  of  the  great  cheliped.  The  exognath  is  well 
developed  and  bears  a flagellate  whip,  the  ischium  of  the  endognath  is  dilated 
distally,  broadly  oval,  on  the  inner  and  distal  margins  but  with  the  external 
lateral  margins  diagonal;  the  merus  is  almost  as  long  as  the  ischium  but  much 
narrower  and  with  the  inner  lateral  face  channeled,  the  inner  margin  ridge-like 
and  bearing  a brush  of  long  plumose  setae;  the  outer  edge  of  the  channel  is  greatly 
produced  into  an  ovate-lanceolate  process,  is  forward  and  upward-directed 
and  into  which  the  flexed  basal  joint  of  the  palp  fits;  the  palp  has  the  basal 
joint  as  long  as  the  merus,  triangulate,  with  the  inner  lateral  margin  channeled; 
the  second  article  is  as  long  as  the  first;  triangulate,  wide  at  the  base  and  fur- 
nished with  an  exceedingly  long  brush  of  fine  plumose  setae  on  the  inner  lateral 
margin,  the  third  joint  of  the  palp  is  small,  triangulate,  scarcely  half  as  long  as 
the  second  joint,  tapering  to  a blunt  point;  fringed  on  its  inner  lateral  and  distal 
margins  with  long,  plumose  setae  which  combine  with  those  of  the  preceding 
article  in  forming  a long  brush;  the  outer  lateral  margin  of  the  distal  joint  is 
furnished  with  a close-set  series  of  short  stiff  setae. 

Eggs.—' The  above  described  female  is  carrying  about  75  eggs;  each  egg  is 
ovoid,  5 mm.  long  diameter,  3 mm.  short  diameter. 
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Fig.  10.  Petrolisthes  edwardsii  (Saussure)  X3. 


Petrolisthes  edwardsii  (Saussure).  Scarlet  Tissue  Crab. 

Porcellana  edwardsii  Saussure,  Rev.  et  Mag.  de  Zool.,  ser.  2,  vol.  5, 
1853,  p.  366,  pi.  12. 

Petrolisthes  edwardsii  Nobili,  Bull.  Mus.  Torino,  vol.  16,  no.  415, 
p.  11,  1901.  Rathbun,  Proc.  U.  S.  Nat.  Mus.  vol.  38,  p.  600, 
1910. — Zoological  N.  Y.  Zoological  Society  vol.  V,  no.  15,  1924. 

Names. — This  species  was  named  in  honor  of  Professor  Milne  Edwards. 
It  is  also  known  as  the  “scarlet  tissue  crab.” 

Diagnostic  Characters. — Vivid  scarlet;  carapace  and  chelae  covered  with 
transverse  scale-like  rugae  which  are  fringed  anteriorly  with  setae;  three  lines 
on  carapace  forming  an  equilateral  triangle  with  apex  directed  backward. 

Type. — The  type  of  this  species  came  from  Mazatlan,  Mexico  and  is  quite 
probably  deposited  in  the  Museum  d’Histoire  Naturelle,  Geneve. 
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Galapagos  Distribution. — Eden  Island,  Harrison  Williams  Expedition; 
Arcturus  Station  54,  off  Hood  Island,  15  feet. 

General  Distribution. — Known  from  the  Gulf  of  California,  southward  to 
Ecuador;  also  at  the  Galapagos  Islands. 

Material  Examined. — Eighteen  specimens  from  Arcturus  station  54,  off 
Hood  Island,  obtained  by  William  Beebe,  while  diving  in  15  feet  of  water.  Two 
specimens  obtained  at  Eden  Island,  rock  pools,  by  the  Harrison  Williams 
Galapagos  Expedition. 

Technical  Description. — Carapace  9 mm.  long,  8 mm.  wide,  moderately  con- 
vex, surface  decidedly  broken  with  transverse  scale-like  rugae,  each  of  which 
is  fringed  on  its  anterior  border  with  stiff  setae.  Rostrum  triangular  with  the 
margin  finely  crenulate  and  with  a decided  median  longitudinal  groove  extending 
backward  on  to  the  gastric  region  and  bifurcating  the  median  two  of  the  four 
ridges  or  lobes  which  taken  together  form  a prominent  postrostral  transverse 
rugae  across  the  anterior  gastric  region.  A pair  of  diagonal  grooves  pass  inward 
from  just  before  the  postorbital  spine  converging  anterior  to  the  cardiac  region. 
These  three  grooves  form  an  approximately  equilateral  triangle  with  the  apex 
directed  posteriorly.  The  lateral  margins  are  clearly  delineated  and  terminate 
anteriorly  in  a sharp  postorbital  spine.  The  superior  orbital  border  is  defined 
anteriorly  by  a rounded  excavation  and  its  external  angle  is  almost  right-angled. 
The  side  walls  of  the  carapace  are  covered  with  broken  scale-like  rugae.  The 
abdomen  is  composed  of  six  distinct  segments  of  which  the  first  is  shorter  and 
narrower  than  the  four  succeeding  segments  which  are  approximately  subequal 
and  have  their  lateral  margins  separately  rounded  and  fringed  with  setae;  the 
sixth  segment  is  one  third  longer  than  the  fifth,  but  distinctly  narrower;  the 
anterior  lateral  angle  is  strongly  acuminate  below  which  the  lateral  margin  is 
excavate  for  the  reception  of  the  large  peduncle  of  the  uropoda.  The  telson  has 
the  characteristic  structure  of  members  of  this  genus.  The  proximal  pair  of 
transverse  sutures  are  sinuate;  the  distal  pair  of  sutures  are  oblique. 

The  antennulae  lie  beneath  the  rostrum  and  have  the  basal  article  very 
large,  produced  on  its  inner  distal  angle  into  a rounded  lobe  which  encups  the 
base  of  the  next  article;  the  remainder  of  the  anterior  margin  and  external 
distal  angle  is  rounded,  produced  and  serrated  by  six  large  sharp  teeth  while  a 
semirosette  of  small  teeth  crest  the  external  angle;  the  outer  surface  of  this 
article  has  several  transverse  rugae  one  of  which  completely  crosses  it;  the  free 
joints  of  the  antennules  are  small,  slender,  folding  upon  each  other  and  fitting 
beneath  the  basal  article. 

The  external  antennae  have  the  basal  article  short  and  produced  on  its 
anterior  distal  margin  into  a serrate  comb-like  process.  The  second  joint  is 
cylindrical,  about  a third  longer  than  the  first  and  fringed  on  its  distal  margin 
with  fine  setae;  the  third  joint  is  small  and  convex,  the  flagellum  is  22  mm. 
long  and  is  composed  of  numerous  fine  annulations. 

The  external  maxillipeds  have  the  proximal  joint  small  with  its  anterior 
margin  subcrescentic,  produced  to  a sharp  point  at  the  inner  distal  angle;  the 
next  joint  is  minute,  triangulate;  the  third  joint  is  broadly  rounded  and  pro- 
duced on  its  inner  distal  margin  and  has  several  transverse  squamose  rugae  on 
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its  outer  surface;  the  fourth  segment  is  small,  subtriangular  with  its  inner  distal 
angle  produced  to  a sharp  tooth  and  its  distal  margin  sinuate;  the  fifth  segment 
is  slightly  longer  than  the  fourth  and  has  its  inner  lateral  margins  separated  by 
a channel  around  which  these  margins  are  curiously  produced.  The  sixth  seg- 
ment is  rhomboidal;  the  seventh  is  a narrow,  long  triangle;  these  two  segments 
are  obliquely  flattened  and  their  inner  lateral  margins  bear  long,  curved  brushes 
of  fine  plumose  setae;  similar  brushes  are  borne  on  the  inner  lateral  margin  of 
each  of  the  fifth  and  fourth  segments,  while  the  single  inner  margin  of  the  re- 
maining segments  is  fringed  with  similar  plumose  setae. 

The  chelipeds  are  subequal  but  both  are  well  developed,  rather  thick  and 
strong,  but  decidedly  flattened;  the  proximal  joints  are  short;  the  merus  is 
short,  trigonal,  covered  with  squamose  rugae  on  its  outer  and  upper  surfaces, 
its  inner  distal  angle  produced  to  a prominent  tooth  and  with  a longitudinal 
series  of  three  raised  dentiform  squamae  accentuating  the  posterior  lateral 
border;  the  carpus  is  long  and  narrow  covered  with  irregular  rows  of  squamae 
and  with  the  anterior  border  armed  with  three  large  serrated  teeth  and  several 
small  ones;  the  posterior  lateral  margin  bears  a row  of  about  ten  raised,  denti- 
form squamae  in  addition  to  the  distal  tooth;  the  propodus  is  twice  as  long  as  the 
carpus  and  has  its  lower  border  decidedly  convex,  its  upper  border  forming  the 
two  sides  of  a broad  triangle;  the  fingers  comprise  five-twelfths  of  the  length  of 
the  entire  propodus.  The  fingers  are  of  equal  length  but  the  upper  finger  is 
approximately  one-third  wider  at  the  base  than  the  lower;  each  finger  has  the 
cutting  edge  straight,  the  proximal  half  smooth,  the  distal  half  is  marked  into 
low,  close-set  obtuse  teeth,  the  apices  of  the  fingers  are  distinctly  curved;  the 
upper  margin  of  the  hinged  finger  is  carina-like;  both  fingers  are  covered  with 
squamae,  like  those  on  the  palm. 

The  first,  second  and  third  ambulatory  legs  are  subequal;  each  has  the 
merus  greatly  enlarged,  its  maximum  width  being  three-fifths  of  its  length,  with 
the  anterior  margin  set  with  a row  of  acute  spines,  the  upper  surface  is  covered 
with  small  squamae,  the  posterior  margin  is  reinforced  with  a row  of  coarse 
raised  squamae;  the  carpus  and  propodus  taken  together  are  almost  as  long  as 
the  merus  but  are  conspicuously  narrower  and  with  less  prominent  squamae;  the 
dactyl  is  not  quite  half  as  long  as  the  propodus  and  is  decidedly  curved  and 
acuminate  apically.  The  merus,  especially  along  the  anterior  margins  bears 
numerous  plumose  setae;  the  distal  three  joints  bear  similar  shorter  plumose 
setae  and  also  many  long,  stiff  spinose  setae. 

These  three  pairs  of  legs  are  alternately  banded  with  red  and  white  on  the 
distal  three  joints.  The  fifth  legs  are  typically  reflexed,  long  and  slender  and 
weakly  subchelate. 

Petrolisthes  amoenus  (Guerin). 

Porcellana  amoena  Guerin,  in  La  Sagra’s  Political  and  Physical 
History  of  Cuba,  vol.  8,  Atlas,  pi.  2,  fig.  2,  1855  and  text,  vol. 
8, 1857. 

Petrolisthes?  amoenus  Benedict,  Bull.  U.  S.  Fish.  Comm.  vol.  20, 
pt.  2,  p.  135,  pi.  3,  fig.  3,  1901. 
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Fig.  11.  Petrolisthes  amoenus  (Guerin)  X 3.  Small  adult. 

Diagnostic  Characters. — Carpus  of  chelipeds  five-sevenths  as  long  as  wide; 
or  the  carpus  is  three-fifths  as  wide  including  teeth  as  it  is  long;  dorsal  surface 
crossed  by  a series  of  prominent,  oblique  rugae;  the  posterior  lateral  margin  is 
accentuated  by  a longitudinal  series  of  eight  rugae,  which  are  produced  into 
acute  forward-pointing  spines;  the  anterior  lateral  margin  is  cut  into  six  large 
serrate  teeth,  each  of  which  has  the  margins  denticulate;  the  distal  carpal  margin 
is  sinuate  forming  two  rounded  scallops  between  the  two  distal  teeth.  Carapace 
but  little  convex,  the  lateral  margin  delineated  by  a sharp  line  which  terminates 
anteriorly  in  a sharp  hepatic  spine;  a second  similar  spine  occurs  a little  above 
the  lateral  line  and  almost  as  far  behind  the  hepatic  spine  as  the  latter  is  from  the 
postorbital  spine.  The  entire  surface  of  carapace  is  covered  by  strong,  unbroken, 
transverse  rugae  which  are  equally  prominent  on  the  anterior,  median  and  pos- 
terior regions  of  the  carapace.  Distal  pair  of  sutures  of  the  telson  oblique. 

Type. — Collected  in  Cuba  and  deposited  in  the  Habana  Museum. 

Galapagos  Distribution. — Off  Hood  Island,  Station  54. 

General  Distribution. — Known  from  Porto  Rico;  Cuba  (type-locality)  and 
the  Galapagos  Islands. 

Material  Examined. — Two  specimens  from  station  54,  Gardner  Bay,  off 
Hood  Island,  Galapagos. 

Technical  Description. — Carapace  4 mm.  long;  3.5  mm.  wide,  but  little 
convex;  lateral  margin  delineated  by  a sharp  line  which  terminates  anteriorly 
in  a sharp  hepatic  spine;  a second  similar  spine  occurs  a little  above  the  lateral 
line  and  almost  as  far  behind  the  hepatic  spine  as  the  latter  is  from  the  post- 
orbital spine.  The  rostrum  is  broadly  triangulate  with  the  median  lobe  rounded 


1931] 


Boone:  Galapagos  Anomura 


43 


Fig.  12.  Petrolisthes  amoenus  (Guerin)  X 10.  Megalops. 

on  either  side  of  which  the  lateral  margin  is  very  shallowly  excavate;  the  lateral 
angle  is  obtuse  and  deflexed.  The  superior  orbital  margin  terminates  anteriorly 
in  a sharp  spine  and  V-shaped  sinus  which  separate  it  from  the  rostral  margin; 
the  postorbital  angle  forms  an  acute  tooth.  There  is  a wide  median  longitudinal 
groove  on  the  rostrum  extending  backward  to  the  gastric  region;  two  smaller 
shorter  grooves  occur  at  the  base  of  the  preorbital  spine.  The  cervical  grooves 
are  deep  forming  a wide  V;  behind  this  on  the  cardiac  region  there  are  two 
diagonal  lines  which  run  forward  and  outward  almost  to  the  lateral  margin 
where  they  unite  with  a transverse  line  forming  a figure  somewhat  like  a pagoda 
roof.  The  entire  surface  of  the  carapace  is  covered  by  strong,  unbroken  trans- 
verse rugae  which  are  equally  prominent  on  the  anterior,  median  and  posterior 
regions  of  the  carapace.  The  most  anterior  rugae  form  a pair  of  raised  sub- 
median ridges. 

The  abdomen  has  the  proximal  pair  of  sutures  in  the  telson  transverse,  al- 
most in  a line  with  the  inner  distal  angle  of  the  peduncle  of  the  uropoda;  the 
distal  pair  of  sutures  is  decidedly  oblique  extending  inward  to  the  apex  of  the 
central  triangular  plate  of  the  telson. 
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The  eyestalk  is  extremely  short  and  is  produced  in  the  center  of  its  distal 
dorsal  margin  to  a short  triangulate  lobe  which  scarcely  reaches  to  midway  the 
cornea;  the  cornea  is  very  large,  elliptical,  composed  of  many  well  developed 
hexagonal  facets. 

The  inner  antennae  have  the  basal  article  enlarged  with  its  anterior  or 
distal  margin  serrate,  consisting  of  four  sharp  teeth,  the  outer  of  which  fits 
closely  against  the  eye;  the  remaining  articles  are  cylindrical  and  fold  upon  each 
other  within  the  fossett;  the  flagellum  is  furnished  with  a well-developed  brush. 

The  external  antennae  are  longer  than  the  cheliped;  they  have  the  basal 
article  short  and  produced  on  its  anterior  margin  in  a large  forward-pointing 
triangulate  tooth;  the  second  article  is  longer,  cylindrical;  the  third  article  is 
half  the  size  of  the  second;  the  flagellum  consists  of  many  short  rings  each  of 
which  bears  a few  short  bristles  on  its  distal  margin. 

The  external  maxilliped  has  the  ischium  of  the  endognath  broadly  rounded 
and  crenulate  on  its  distal  margin  and  somewhat  produced  at  the  outer  lateral 
angle;  the  external  face  is  crossed  by  a series  of  deep  transverse  rugae;  the  merus 
is  almost  as  long  as  the  ischium  and  has  the  external  face  of  the  inner  lateral 
margin  produced  to  a slender,  acute  triangle  the  apex  of  which  reaches  to  quite 
midway  the  border  of  the  ischium;  the  palp  is  well  developed,  triarticulate;  the 
long  setae  forming  brushes  on  the  respective  joints  of  the  maxilliped  are  unusu- 
ally plumose. 

The  chelipeds  are  subequal.  Each  has  the  short  trigonal  merus  crossed  by 
transverse  rugae  on  the  upper  surface  and  produced  to  an  acute  tooth  at  the 
inner  distal  dorsal  angle;  the  carpus  is  2.5  mm.  long  and  1.5  mm.  wide,  including 
teeth,  or  it  is  five-sevenths  as  long  as  the  carapace  is  wide;  the  carpus  has  the 
posterior  lateral  margin  accentuated  by  a longitudinal  series  of  eight  rugae 
which  are  produced  into  acute  forward  pointing  spines;  the  anterior  lateral 
margin  is  cut  into  six  large  serrate  teeth,  each  of  which  has  the  margins  denticu- 
late; the  distal  carpal  margin  is  sinuate  forming  two  rounded  scallops  between 
the  two  distal  teeth;  the  dorsal  surface  of  the  carpus  is  crossed  by  a series  of 
prominent  oblique  rugae;  the  chelipeds  are  each  6 mm.  long,  with  the  external 
face  very  flat  and  crossed  by  a series  of  prominent  oblique  rugae;  the  inferior 
lateral  margin  is  moderately  convex  and  augmented  with  a series  of  small  spines 
which  are  developed  from  the  end  of  the  rugae;  the  superior  margin  of  the  palm 
is  accentuated  by  a carina  which  is  made  up  of  the  edges  of  the  series  of  rugae 
which  obliquely  traverse  the  inner  face  of  the  propodus.  The  superior  margin  of 
the  hinged  finger  is  similarly  developed  and  converges  distally,  the  tips  of  both 
fingers  being  curved  and  fitting  closely  upon  each  other.  The  fingers  are  sub- 
equal; their  cutting  edges  straight  except  at  the  curved  tips.  There  is  no  pilosity 
on  the  inner  surface  of  the  cutting  edge. 

The  first,  second  and  third  pairs  of  ambulatories  are  similar  but  decrease 
slightly  in  length  in  the  order  named.  Each  leg  has  the  merus  about  as  long  and 
wide  as  the  carpus  of  the  cheliped;  the  merus  has  its  dorsal  surface  crossed  by  a 
series  of  transverse  rugae;  each  ruga  terminating  at  each  lateral  margin  in  a 
sharp  small  spine;  the  lateral  margins  are  convergent  both  proximally  and 
distally.  There  is  a strong  subdistal  tooth  at  the  posterior  distal  lateral  angles 
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of  the  merus  of  both  the  first  and  second  legs;  none  on  the  merus  of  the  third  leg; 
the  carpus  and  propodus  are  much  slenderer  than  the  merus,  compressed  cylin- 
drical, tapering;  the  carpus  is  about  half  as  long  as  the  merus;  the  propodus  is 
two-thirds  as  long  as  the  merus;  the  dactyl  is  strong,  curved,  acuminate.  The 
merus,  carpus,  propodus  and  dactyl  are  sparsely  set  with  long  setae. 

The  fifth  pair  of  legs  are  typically  small,  slender  and  reflexed.  The  brush  on 
the  propodus  is  composed  of  unusually  wiry,  plumose  setae. 

Petrolisthes  galathinus  (Bose). 

Porcellana  galathina  L.  A.  G.  Bose  (not  Say),  Hist.  Nat.  Crust- 
vol.  I,  p.  233,  pi.  6,  fig.  2,  1802. 

Porcellana  sexspinosa  L.  R.  Gibbes,  Proc.  Amer.  Assoc.  Adv.  Sci., 
vol.  3,  p.  190,  1850. 

Porcellana  boscii  J.  D.  Dana,  U.  S.  Explor.  Exped.,  vol.  13,  pt.  1, 
p.421,  pi.  26,  fig.  11,1852. 

Porcellana  danae  L.  R.  Gibbes,  Proc.  Elliott  Soc.  Nat.  Hist.,  vol.  1, 
p.  11,  1857. 

Porcellana  egregia  Guerin-Meneville,  Crust.,  in  La  Sagra’s  Polit. 
and  Physic.  Hist,  of  Cuba,  p.  39,  pi.  2,  fig.  1,  1857. 

Petrolisthes  brasiliensis  S.  I.  Smith,  Trans.  Conn.  Acad.  Arts  and 
Sci.  vol.  2,  p.  38,  1869. 

Petrolisthes  galathinus  A.  E.  Ortmann,  Zool.  Jahrb.  Syst.  vol.  10, 
p.  283,  1897. — C.  Moreira,  Arch.  Mus.  Nac.  Brazil,  vol.  11, 
p.  93,  1901. — A.  Milne-Edwards  and  Bouvier,  Mem.  Mus. 
Comp.  Zool.,  vol.  47,  p.  289,  pi.  1,  figs.  1,  2,  1923.  Rathbun, 
Rapport  betreffende  een  voorloopig  onderzoek  naar  den  toestand 
van  de  Visscherij  en  de  Industrie  van  Zeeproducten  in  de 
Kolonie  Curasao,  pt.  1920,  p.  327. — Schmitt,  W.  L.,  Bijdragen 
tot  de  Dierkunde,  Afl.  23,  p.  73,  1924. — Boone,  Bull.  Vanderbilt 
Marine  Mus.,  vol.  Ill,  p.  76,  pi.  20,  1930. 

Petrolisthes  sexspinosus  Benedict,  Bull.  U.  S.  Fish.  Comm.  vol.  20, 
pt.  2,  p.  133,  1901. 

Diagnostic  Characters. — Carpus  of  chelipeds  .6  as  long  as  the  carapace  is 
wide,  or  the  carpus  is  two-thirds  as  wide  including  teeth,  as  it  is  long;  a series  of 
about  six  prominent  rounded  squamae  form  a median  ridge  on  the  dorsal  surface; 
smaller  granules  are  scattered  on  the  remaining  dorsal  area;  the  posterior  lateral 
margin  is  accentuated  by  a series  of  about  six  rugae  which  are  produced  into 
upward  and  forward-pointing  spines,  the  distal  one  of  which  projects  beyond  the 
margin;  the  anterior  lateral  margin  is  cut  into  five  acute  jagged  triangular  teeth 
which  have  their  margins  finely  serrate. 

Carapace  convex  in  both  directions;  lateral  margins  delineated  by  a line 
which  terminates  anteriorly  in  a single,  sharp  hepatic  spine.  Dorsal  surface  of 
carapace  devoid  of  rugae  except  for  a pair  of  wide  transverse  rugae  on  the  ante- 
rior part  of  the  gastric  region;  minutely  sparsely  granulate  and  finely  hirsute. 
Distal  pair  of  sutures  on  the  telson  oblique. 
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Type.— The  locality  of  Bose’s  type  was  unknown. 

Galapagos  Distribution. — Arcturus  station  54,  off  Hood  Island,  in  23^  fms. 

General  Distribution. — West  Indian  region  and  the  subtropic  west  coast  of 
the  Americas. 

Material  Examined. — Six  adults  and  one  megalops  were  taken  at  Station  54, 
Gardner  Bay,  off  Hood  Island,  Galapagos,  in  2]/2  fms.,  by  Dr.  William  Beebe, 
while  diving.  The  specimens  were  concealed  in  the  crevices  of  coral  rock. 

Technical  Description. — Carapace  5 mm.  long,  5 mm.  wide,  convex  in  both 
directions;  lateral  margins  delineated  by  a line  which  terminates  anteriorly  in  a 
sharp  hepatic  spine.  Rostrum  two-fifths  as  wide  as  the  carapace;  triangulate, 
apex  produced  broad,  lateral  margins  excavate,  outer  angles  blunt,  obtuse. 
Superior  orbital  margin  unbroken,  postorbital  angle  acute.  There  are  a pair  of 
wide  transverse  rugae  on  the  anterior  part  of  the  gastric  region;  the  remainder 
of  the  carapace  is  devoid  of  rugae,  minutely,  sparsely  granulate  and  finely  hirsute; 
the  cervical  and  cardiac  regions  are  not  areolated.  There  is  a shallow  depression 
on  the  rostrum. 

The  abdomen  has  the  proximal  pair  of  sutures  in  the  telson  transverse  and 
the  distal  pair  of  sutures  oblique. 

The  eyestalk  is  very  short,  dorsally  constricted  and  produced  on  the  upper 
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distal  surface  into  an  anterior  rounded  lobe  followed  by  a triangular  lobe  which 
projects  upon  the  cornea  for  about  half  its  depth. 

The  inner  antennae  have  the  basal  article  greatly  enlarged,  lobate  with  the 
external  margin  traversed  by  rugae  and  the  inner  half  of  the  distal  margin 
rounded,  crenulate,  the  apex  sharp  at  the  inner  orbital  angle,  the  outer  half  of 
the  distal  margin  also  rounded;  the  next  two  joints  are  slender,  cylindrical  and 
fold  within  the  antennal  fossett;  the  flagellum  is  short,  two-branched,  hirsute. 
The  distal  margin  of  the  basal  joint  is  visible  in  a dorsal  view  as  a rounded  lobe 
between  two  small  triangulate  points.  This  projects  on  each  side  beyond  the 
margin  of  the  rostrum. 

The  external  antennae  have  the  basal  articles  short,  produced  on  its  anterior, 
distal  angle  into  a small  dorsally  concave  triangulate  process  which  has  the 
margins  finely  serrate  and  terminates  anteriorly  in  a prominent  tooth-like  apex; 
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the  second  article  is  slightly  longer  than  the  first  and  is  cylindrical;  the  third 
article  is  about  half  the  size  of  the  first;  the  flagellum  13  mm.  or  2.6  times  as  long 
as  the  carapace  is  wide,  and  consists  of  many  annulations  each  of  which  is  about 
twice  as  long  as  wide  and  devoid  of  setae. 

The  external  maxillipeds  have  the  ischium  of  the  endognath  broadly  rounded 
distally  and  somewhat  widened  at  the  external  distal  angle;  there  is  no  separate 
lobe  on  the  ischium  at  the  base  of  the  merus;  the  merus  is  produced  on  its  inner 
lateral  margin  in  an  acute  triangulate  process  which  extends  inward  for  two- 
thirds  of  the  width  of  the  ischium;  the  three-jointed  palp  is  large  and  well  furn- 
ished with  long  brushes  of  plumose  setae. 

The  chelipeds  are  slightly  unequal;  the  merus  is  roughened  on  its  brief 
dorsal  surface  by  a few  spiny  rugae  and  produced  on  its  anterior  distal  angle  into 
a prominent  acute  triangulate  tooth  which  is  subequal  to  those  on  the  anterior 
margin  of  the  carpus,  and  has  its  margins  finely  serrate;  the  carpus  is  3 mm.  long, 
or  .6  of  the  width  of  the  carapace,  and  is  2 mm.  wide  including  teeth,  or  two- 
thirds  as  wide  as  long;  it  has  its  anterior  lateral  margin  cut  into  five  acute,  jagged 
triangular  teeth  which  have  their  margins  finely  serrate;  the  posterior  lateral 
margin  is  accentuated  by  a series  of  about  six  rugae  which  are  produced  into 
upward  and  forward  pointing  spines,  the  distal  one  of  which  projects  beyond  the 
margin;  a series  of  about  six  prominent  rounded  squamae  form  a median  ridge 
on  the  dorsal  surface;  smaller  granules  are  scattered  on  the  remaining  dorsal 
area;  the  distal  carpal  margin  is  sinuate;  the  propodus  is  triangulate,  nearly 
twice  as  long  as  the  carpus,  decidedly  flattened,  with  the  lower  margin  beaded 
with  a series  of  small  rugae  each  of  which  is  produced  into  an  acute,  outward- 
pointing spine;  there  is  a prominent  row  of  low  rounded  squamae  extending 
from  the  upper  proximal  angle  of  the  propodus  to  the  tip  of  the  hinged  finger;  the 
upper  lateral  margin  of  the  palm  is  carinate  and  its  distal  angle  is  an  acuminate 
tooth;  the  upper  lateral  margin  of  the  hinged  finger  are  subequal,  close-fitting; 
the  cutting  edges  concave,  the  tips  curved.  There  is  a sparse  pilosity  in  the  inner 
hiatus  of  the  hinged  finger. 

The  first,  second  and  third  ambulatories  are  subequal.  Each  has  the  merus 
greatly  expanded,  three-fifths  as  wide  as  long,  or  equal  in  width  to  the  carpus  of 
the  cheliped,  and  with  the  lateral  margins  convex,  convergent  proximally  and 
distally;  the  dorsal  surface  crossed  by  transverse  rugae,  sparsely  setiferous;  the 
posterior  distal  angle  of  the  first  and  second  pairs  of  ambulatories  with  a sub- 
distal  spine;  on  the  third  pair  this  spine  is  absent;  the  carpus  is  about  half  as 
long  as  the  merus  but  much  slenderer;  the  propodus  is  similar  to  but  a third 
longer  than  the  carpus  and  has  its  distal  lateral  margins  produced  into  rounded 
plates  which  reinforce  the  dactyl;  the  dactyl  is  half  as  long  as  the  propodus, 
stout  basally,  with  a strong  curved  tip;  the  carpus,  propodus  and  dactyl  are 
sparsely  furnished  with  long  stiff  setae.  There  is  a longitudinal  series  of  small 
sharp  spines  on  the  ventral  margins  of  the  propodus  and  dactyl. 

The  fifth  legs  are  typically  small  and  slender,  offering  no  specific  characters. 
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Fig.  15.  Petrolisthes  cinctipes  (Randall)  X 3. 


Petrolisthes  cinctipes  (Randall). 

Porcellana  cinctipes  Randall,  Journ.  Acad.  Nat.  Sci.  Phila.  vol.  8, 
p.  136,  1839. 

Porcellana  rupicola  Stimpson,  Journ.  Boston  Soc.  Nat.  Hist.  vol.  6, 
p.  480,  pi.  19,  fig.  2,  1857. 

Petrolisthes  cinctipes  Holmes,  Occas.  Papers  Calif.  Acad.  Sci. 
vol.  7,  p.  107,  1900.  Rathbun,  Harriman  Alaska  Exped.  vol. 
10,  p.  168,  1904;  Rept.  Laguna  Marine  Lab.  vol.  1,  p.  102,  1912. 
Schmitt,  Univ.  Calif.  Pub.  Zool.,  vol.  23,  p.  179,  pi.  32,  fig.  1 
and  text  fig.  113,  1921. 

Diagnostic  Characters. — Carpus  of  chelipeds  two-thirds  as  wide  as  long;  the 
proximal  width  being  slightly  greater  than  this  average;  the  anterior  proximal 
angle  is  produced  to  a rounded  lobe;  the  lateral  margins  are  slightly  convergent 
distally;  the  dorsal  surface  is  granulose,  the  granules  being  coarser  and  thicker 
along  the  posterior  lateral  margin  where  they  form  a submarginal  ridge;  there  is 
also  usually  a median  ridge  on  the  proximal  half  of  the  carpus;  the  distal  dorsal 
margin  is  trisinuate  with  the  posterior  angle  much  the  longer.  The  carapace  is 
longer  than  wide,  slightly  convex  longitudinally,  deeply  areolated,  finely  granu- 
lose, and  the  branchial  regions  are  finely  striated  transversly.  The  distal  pair  of 
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sutures  of  the  telson  are  oblique.  The  external  maxilliped  has  the  inner  lateral 
margin  of  the  merus  produced  into  a prominent  rounded  lobe. 

Type. — Randall’s  type  is  said  to  have  come  from  the  “Sandwich  Islands,” 
and  is  deposited  in  the  Philadelphia  Academy  of  Natural  Sciences. 

Galapagos  Distribution. — Arcturus  station  54,  off  Hood  Island,  appears  to 
be  the  first  Galapagan  record  of  this  species. 

General  Distribution. — West  coast  of  America  from  Vancouver  Island, 
British  Columbia,  southward  to  the  coasts  of  Lower  California;  also  Galapagos 
Islands;  Sandwich  Islands  (type  locality;  considered  doubtful  by  some  writers). 

Material  Examined. — Six  specimens  from  Arcturus  station  54,  off  Hood 
Island,  collected  by  William  Beebe  while  diving  in  15  feet  of  water.  This  series 
of  specimens  contains  one  very  large  male,  two  large  females,  one  of  which  is 
ovigerous,  and  three  quite  small  specimens,  the  smallest  of  which  probably 
represents  the  first  adult  moult  of  the  megalops. 

Technical  Description. — Carapace  6.5  mm.  long,  5.5  mm.  wide;  slightly 
convex  longitudinally;  deeply  areolated.  Rostrum  triangular,  slightly  deflexed, 
with  a distinct  median  sulcus.  Carapace  finely  granulose  and  the  branchial 
regions  finely  striated  transversely.  Lateral  margins  moderately  convex,  ter- 
minating anteriorly  in  an  acute  spinelike  process.  Superior  orbital  margin 
unbroken,  accentuated  by  a submarginal  depression. 

Abdomen  composed  of  six  segments  of  which  the  first  is  shortest  and  nar- 
rowest; the  second,  third,  fourth  and  fifth  segments  subequal  with  the  lateral 
margins  separately  rounded,  those  of  the  second  segment  differing  slightly  from 
the  succeeding  ones;  the  sixth  segment  is  a trifle  longer  than  the  fifth  segment 
but  has  its  lateral  parts  tapering  to  a narrow  acuminate  process;  the  telson  is 
triangulate;  the  proximal  median  plate  is  an  equilateral  triangle,  the  lateral 
lobes  are  traversed  by  a pair  of  transverse  sutures  which  are  a little  anterior  to 
the  distal  margin  of  the  peduncle  of  the  rhipidura;  a second  pair  of  oblique 
sutures  bisect  the  lateral  lobes  in  a line  with  the  apex  of  the  median  plate.  The 
peduncular  joint  of  the  rhipidura  is  wider  than  long  with  its  distal  margin  form- 
ing two  unequal  convex  lobes;  the  inner  branch  is  slightly  longer  than  the  outer 
and  is  oval  with  the  end  slightly  wider  and  broadly  rounded;  the  outer  branch  is 
similar  to  the  inner  but  shorter  and  a trifle  narrower;  both  are  heavily  fringed 
on  the  margins  with  long  setae. 

The  ocular  peduncle  is  short  and  stout;  produced  on  the  dorsal  surface  into 
an  elongate  rounded  process  which  extends  nearly  to  the  distal  margin  of  the 
cornea;  the  cornea  is  large,  subspherical,  composed  of  many  well-developed 
hexagonal  facets. 

The  inner  antennae  have  the  basal  joint  enlarged  and  with  its  outer  distal 
face  triquetral;  the  second  and  third  articles  are  slender,  cylindrical  and  fold 
within  the  fossett;  the  flagellum  is  biramose,  the  inferior  branch  being  the  shorter. 

The  antennae  have  the  basal  joint  short,  produced  into  a narrow  laminate 
plate  on  the  anterior  lateral  margin  which  forms  an  obtuse  angle  distally;  the  sec- 
ond article  is  at  least  a third  longer  than  the  first  and  is  more  cylindrical;  the  third 
article  is  little  more  than  half  as  large  as  the  second  and  is  somewhat  bulbous; 
the  flagellum  consists  of  many  subequal  rings  each  of  which  is  furnished  on  its 
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distal  lateral  margins  with  short  setae;  the  flagellum  extends  to  midway  the 
palp  of  the  cheliped. 

The  external  maxillipeds  are  large  and  the  joints  fold  upon  themselves;  the 
ischium  is  slightly  wider  than  long  with  its  inner  and  distal  margin  broadly 
rounded;  its  outer  lateral  margin  sinuous  and  with  a small  rounded  laminar 
process  at  the  base  of  the  merus;  the  merus  is  as  long  as  the  ischium,  is  channeled 
on  the  inner  lateral  face  and  has  the  median  lateral  area  of  its  external  margin 
produced  into  a prominent  rounded  lobe;  the  inner  border  of  the  channel  is 
ridgelike  and  bears  a long  brush  of  plumose  setae;  the  palp  is  triarticulate;  the 
basal  joint  is  as  long  as  the  merus,  is  also  channeled  on  the  inner  lateral  face  and 
has  the  outer  face  of  the  inner  margin  of  the  channel  produced  into  a subtri- 
angulate plate  which  has  a spine  at  the  apex  and  has  the  sides  of  the  triangle 
sinuous;  the  inner  margin  of  the  channel  is  also  produced  into  a triangle  which  has 
its  apex  at  the  proximal  end  of  the  joint  and  projects  an  acute  angle  at  the  inner 
distal  angle  of  the  joint;  the  distal  half  of  this  latter  process  bears  a long  brush  of 
setae;  the  second  article  of  the  palp  is  two-thirds  as  long  as  the  first  article,  and 
is  three-fourths  as  wide  basally  as  it  is  long;  its  lateral  margins  converge  distally; 
the  inner  one  supports  a long  plumose  brush;  the  distal  article  is  two-thirds  as 
long  as  the  preceding  one  and  forms  a small  tapering  triangle,  which  is  furnished 
with  a brush  of  long  setae  on  the  inner  lateral  margin. 

The  chelipeds  are  subequal;  each  has  the  merus  short,  trihedral,  with  a 
blunt,  knob-like  process  at  the  anterior  distal  angle;  the  carpus  is  4.5  mm.  long, 
and  3 mm.  median  diameter;  or  two-thirds  as  wide  as  long;  the  proximal  width  is 
slightly  greater  than  this  ratio;  the  lateral  margins  of  the  dorsal  surface  of  the 
carpus  are  slightly  convergent  distally;  the  inner  proximal  angle  produced  into  a 
prominent  rounded  lobe;  the  dorsal  surface  of  the  carpus  is  granulose,  the  gran- 
ules being  coarser  and  thicker  along  the  posterior  lateral  margin  where  they 
form  a submarginal  ridge;  there  is  also  a median  ridge  which  is  more  prominent 
on  the  proximal  half  and  vanishes  midway  the  distal  half  of  the  carpus;  the  distal 
dorsal  margin  of  the  carpus  is  trisinuate,  with  the  outer  angle  much  longer  than 
the  inner;  the  propodus  is  8 mm.  long  and  4.5  mm.  greatest  diameter  (taken  at 
base  of  fingers).  The  propodus  is  triangular,  the  inferior  margin  being  relatively 
straight,  the  superior  margin  of  the  palm  diverging  distally  to  the  base  of  the 
finger  where  it  unites  with  the  slightly  shorter  superior  margin  of  the  finger, 
forming  the  apex  of  the  triangle;  the  superior  margin  of  the  finger  converges 
distally,  meeting  the  inferior  margin  of  the  finger.  The  propodal  finger  is 
slightly  broader  basally  than  the  hinged  finger  and  has  its  tip  a little  upcurved 
and  its  cutting  edge  slightly  excavate;  the  hinged  finger  swings  obliquely;  its 
superior  margin  is  accentuated  by  a subparallel  depression;  the  inferior  margin 
is  convex,  the  apex  is  rounded  and  bent  inward.  The  inner  face  of  the  cutting 
edge  has  a concave  hiatus  not  visible  on  the  external  face;  this  hiatus  is  filled  by 
a dense,  soft,  pilose  brush. 

The  second,  first  and  third  pairs  of  ambulatory  legs  are  similar  and  de- 
crease in  length  in  the  order  named;  each  has  the  merus  about  twice  as  long  as 
wide,  the  lateral  margins  diverging  distally,  each  slightly  convex,  the  dorsal 
margins  of  the  merus  form  rounded  laminar  plates;  the  carpus,  propodus  and 
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Fig  16.  Petrolisthes  eriomerus  Stimpson  X 3. 

dactyl  taken  together  are  about  as  long  as  the  merus;  each  joint  is  successively 
smaller  distally;  the  carpus  and  propodus  are  subequal  in  length;  the  propodus 
is  armed  with  a spine  on  each  of  the  ventral  distal  angles;  the  dactyl  is  about 
one-half  as  long  as  the  propodus  and  is  stout,  curved,  spine-tipped  and  setiferous. 

The  fifth  pair  of  legs  is  characteristically  small,  slender  reflexed  and  chelate; 
the  merus  and  carpus  are  elongate,  subequal,  the  carpus  somewhat  slenderer 
than  the  merus;  the  propodus  is  slender  also;  about  one-half  as  long  as  the 
carpus;  the  fingers  are  less  than  one-half  the  length  of  the  carpus  and  have 
their  apices  rounded;  the  distal  two-thirds  of  the  propodus  and  fingers  is  covered 
with  brushlike  setae. 

Petrolisthes  eriomerus  Stimpson. 

Petrolisthes  eriomerus  Stimpson,  Ann.  Lyc.  Nat.  Hist.,  N.  Y.,  10, 
119.  1871;  Holmes,  Occas.  Papers  Calif.  Acad.  Sci.,  7,  108, 

pi.  1,  fig.  15,  1900;  Schmitt,  Univ.  Calif.  Pub.  in  Zool.,  XXIII, 
pp.  181,  182,  fig.  144.  1924. 

Diagnostic  Characters. — Carpus  of  chelipeds  one  and  three  fourths  to  twice 
as  long  as  wide,  lateral  margins  parallel;  inner  proximal  angle  rounded  but  not 
produced;  dorsal  surface  finely,  irregularly  granulose  and  minutely  punctuate. 
The  carapace  has  the  aereolations  distinct,  branchial  regions  lightly  striated 
transversely.  The  distal  pair  of  sutures  of  the  telson  are  transverse.  The 
external  maxilliped  has  the  inner  lateral  margin  of  the  merus  produced  to  a 
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broad  rounded  lobe;  the  distal  extremity  of  the  ischium  is  rather  truncated  and 
rounded. 

Type. — Professor  Stimpson’s  type  material  came  from  Mendocino,  Cali- 
fornia. 

Galapagos  Distribution. — One  specimen  (photographed)  taken  by  the 
Arcturus,  is  the  first  Galapagos  record  for  this  species. 

General  Distribution. — Known  from  the  southern  part  of  British  Columbia 
to  Lower  California,  also  the  Galapagos  Islands. 

Material  Examined. — One  specimen  from  Station  54,  Gardner  Bay,  off 
Hood  Island,  depth  15  feet. 

Technical  Description. — Carapace  13  mm.  long,  12  mm.  wide,  with  the 
frontal  margin  produced  to  a rounded  triangular  apex  which  is  less  strongly 
deflected  than  is  that  of  P.  cinctipes.  The  dorsal  surface  of  the  carapace  is 
microscopially  striated  except  in  the  cardiac  region;  the  cervical  and  urogastic 
grooves  are  deep.  There  are  scattered,  minute,  irregularly  placed  tubercles 
present  on  the  anterior  half  of  the  carapace.  The  first  and  second  abdominal 
segments  are  short  and  wide,  and  are  visible  dorsally;  the  remainder  are  ventral 
in  position.  The  telson  is  small,  triangulate.  The  distal  pair  of  sutures  are 
nearly  transverse. 

The  antennae  have  the  penduncular  articles  large,  cylindrical,  the  flagellum 
slender,  finely  annulated,  extending  to  midway  the  propodus  of  the  great 
cheliped. 

The  external  maxilliped  has  the  inner  lateral  margin  of  the  merus  produced 
to  a broad  rounded  lobe;  the  distal  extremity  of  the  ischium  is  rather  truncated 
and  rounded;  the  palp  folds  into  the  characteristic  shield. 

Chelipeds  long,  subequal;  merus  short,  trigonal,  with  the  anterior  distal 
angle  produced  to  a rounded  lobe;  the  carpus  is  about  one  and  three-fourths 
times  as  long  as  wide,  with  the  lateral  margins  parallel;  the  inner  proximal 
angle  rounded  but  not  produced;  distal  margin  sinuate;  the  propodus  is  nearly 
twice  as  long  as  the  carpus,  the  lower  margin  a little  rounded  the  upper  margin, 
including  that  of  the  dactyl,  forming  two  sides  of  a broad  triangle;  the  fingers 
comprise  about  two-fifths  of  the  length  of  the  entire  propodus.  The  fingers 
are  of  about  equal  length  but  the  hinged  finger  is  chunky,  blunt. 

The  second,  third  and  fourth  ambulatories  are  similiar;  each  has  the 
meral  joint  much  wider  than  any  of  the  related  joints. 

The  fifth  pair  of  legs  are  typically  reflexed,  short,  slender,  subchelate. 

Genus  Pisosoma  Stimpson,  1858. 

Pisosoma  aphrodita,  sp.  nov. 

Diagnostic  Characters. — Carpus  of  cheliped  suborbicular,  anterior  margin 
tridentate;  in  life  a broad  longitudinal  band  of  white  extends  down  the  middle 
of  the  rose-colored  propodus  of  the  chelipeds. 

Type. — The  type  of  the  adult,  the  type  megalops  and  12  additional  adult 
specimens  were  taken  at  station  54,  Gardner  Bay,  off  Hood  Island  by  William 
Beebe,  while  diving  in  15  feet  of  water.  They  are  deposited  in  the  collections 
of  the  New  York  Zoological  Society. 
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Fig.  17.  Pisosoma  aphrodita,  new  species,  typeX3;  A,  specimen  with  definite  three- 
toothed carpal  margin;  B,  specimen  in  which  the  three-toothed  carpal  margin  is  vague  on 
the  left  side,  and  obsolete  on  the  right. 
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Galapagos  Distribution. — Off  Hood  Island  (type-locality). 

General  Distribution. — Known  only  from  the  type-locality. 

Material  Examined. — Thirteen  adult  specimens  and  one  megalops  taken 
at  station  54,  Gardner  Bay,  off  Hood  Island,  Galapagos,  by  William  Beebe 
while  diving  in  15  feet  of  water. 

Technical  Description. — Carapace  4 mm.  long,  4 mm.  greatest  width; 
interorbital  space  more  than  one-third  of  the  width  of  the  carapace;  frontal 
margin  carinate,  median  point  slightly  in  advance  of  the  rounded  preorbital 
angles.  Superior  orbital  margin  unbroken,  linear;  postorbital  angle  a slender 
acute  tooth;  hepatic  margin  slightly  sinuate,  lateral  margins  convex.  Dorsal 
surface  of  the  carapace  covered  with  faint  punctae  which  are  replaced  on  the 
lateral  branchial  regions  by  vague  transverse  striae.  Urogastric  line  clearly 
delineated;  other  areolations  obsolete.  Abdomen  with  the  first  segment  very 
short  and  narrow,  the  second  to  sixth  segments  inclusive  subequal  in  length; 
the  second  segment  with  its  anterolateral  margin  sloping;  the  third  to  fifth 
segments  inclusive  with  their  lateral  margins  broadly  rounded.  The  sixth 
segment  with  its  lateral  rounded  and  but  shallowly  excavate  on  the  posterior  side; 
the  telson  is  two  and  one-half  times  as  long  as  the  preceding  segment  and  has 
its  lateral-distal  margins  broadly  rounded;  the  central  plate  is  triangular;  the 
pair  of  sutures  in  the  lateral  plates  is  slightly  oblique;  the  median  suture  vertical. 
The  peduncle  of  the  rhipidura  is  small,  the  inner  blade  is  longer  than  the  outer 
blade,  both  are  oval  and  fringed  with  long  setae,  as  is  also  the  telson. 

The  external  antennae  have  the  basal  article  short,  the  second  article 
twice  as  long,  cylindrical,  with  a carinate  line  on  the  anterior  margin;  the 
third  article  half  the  size  of  the  second;  the  flagellum  is  composed  of  many  short 
rings,  devoid  of  setae  and  extends  almost  to  the  tip  of  the  propodal  finger  of 
the  cheliped. 

The  inner  antennae  have  the  basal  article  enlarged,  flattened  with  the 
distal  margin  broadly  rounded  the  outer  face  so  crossed  by  rugae;  the  remaining 
articles  are  slender,  cylindrical;  the  flagellum  is  composed  of  two  short  unequal 
branches,  the  larger  of  which  is  heavily  setose. 

The  external  maxillipeds  have  the  ischium  of  the  endognath  with  the 
lateral  margins  decidedly  divergent  and  the  distal  margin  very  convex;  the 
merus  is  produced  on  the  external  face  of  its  inner  margin  into  a deep- 
wide, rounded  lobe;  the  basal  article  of  the  palp  is  produced  on  the  external 
face  of  its  inner  margin  into  a broad  triangle  which  has  the  lateral  edges  a little 
convex;  the  second  and  third  articles  of  the  palp  offer  no  specific  characters; 
the  brushes  of  setae  are  very  long. 

The  chelipeds  are  conspicuously  unequal  in  size  but  are  similar  in  structure, 
except  that  the  fingers  of  the  larger  cheliped  are  each  armed  with  a basal  tooth 
and  are  otherwise  separated  from  each  other  when  closed  by  a wide  gape  except 
at  the  tips  which  meet.  The  merus  is  trigonal,  dilated  distally  and  produced  to 
a broad  triangulate  tooth  at  its  inner  distal  angle;  the  carpus  is  four-fifths  as 
wide  as  long,  almost  suborbiculate,  slightly  convex  on  the  dorsal  surface,  a 
distinct  submarginal  ridge  accentuating  the  convex  posterior  lateral  margin, 
this  ridge  terminating  distally  in  an  acute  tooth;  the  distal  margin  is  sinuate; 
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the  anterior  lateral  region  is  expanded  into  a thin  plate  which  is  cut  into  three 
rounded  lobes,  one  of  which  is  at  the  distal  angle.  These  three  rounded  lobes 
are  of  varying  degrees  of  incision.  In  fact  one  specimen  (plate  20,  fig.  A) 
shows  them  well  developed  on  one  carpus  and  obsolete  on  its  mate.  The  pro- 
podus  is  twice  as  long  as  the  carpus  and  its  maximum  width  (at  the  base  of 
the  fingers)  is  equal  to  one-half  of  its  length;  the  dorsal  surface  is  decidedly 
convex;  the  lateral  margins  of  the  palm  diverge  greatly  distally;  the  lower 
lateral  margin  is  paralleled  by  a deep  longitudinal  groove  which  extends  almost 
to  the  tip  of  the  finger;  the  upper  margin  of  the  hinged  finger  has  a similar 
groove  along  the  proximal  half  of  its  margin.  The  small  cheliped  is  about 
two-thirds  the  size  of  the  large  one  and  its  fingers  meet  along  the  cutting  edge. 
The  dorsal  surface  of  the  merus,  carpus  and  propodus  is  finely  punctate  on 
the  anterior  half,  becoming  rougher  on  the  posterior  half,  especially  on  the 
carpus  where  faint  striae  are  visible. 
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The  first,  second  and  third  ambulatories  are  similar  in  structure  but  suc- 
cessively decrease  in  length  in  the  order  named;  each  has  the  merus  dilated; 
the  remaining  segments  slender,  tapering,  the  dactyl  is  very  curved  and  acumin- 
ate. The  carpus,  propodus  and  dactyl  are  furnished  with  many  long  spinose 
setae  to  which  are  attached  the  various  minutae  used  by  the  crab  for  camouflage. 

The  fifth  legs  are  very  small  and  slender,  with  the  merus  greatly  elongated 
and  bent;  the  carpus  about  half  as  long  as  the  merus;  the  propodus  about  as 
long  as  the  carpus;  the  fingers  spatulate  broadly,  rounded  distally;  the  distal 
part  of  the  carpus  and  lateral  and  distal  margins  of  the  propodus  are  furnished 
with  many  long,  spinose  setae. 

Eggs. — One  of  the  females  of  this  series  measuring  3 mm.  in  diameter, 
carried  14  large  creamy,  ovoid  eggs,  which  taxed  the  capacity  of  the  brood 
pouch. 

Megalops. — The  carapace  of  the  megalops  is  1.5  mm.  wide,  and  conforms 
to  the  general  contour  of  the  adult  but  is  granulose  and  decidedly  more  convex; 
the  rostrum  is  of  similar  contour  but  freer.  The  abdomen  is  bent  downward 
on  a wide  arc;  the  telson  is  2^  or  3 times  as  long  as  the  preceding  segment  and 
is  subovate,  nearly  circular  with  the  distal  margin  produced  to  a point  and  with 
the  outer  surface  slightly  convex,  the  inner  surface  correspondingly  concave. 
The  rhipidura  are  small,  subovate,  subequal,  not  half  as  long  as  the  telson 
and  fringed  with  setae.  The  three  pairs  of  swimming  organs  arise  from  the 
second,  fourth  and  fifth  segments  respectively.  Each  appendage  consists  of 
a short,  strong  peduncle,  a second  joint  which  is  about  half  as  long  as  the  ab- 
dominal segment  from  which  it  arises  is  wide,  this  joint  is  four-sided,  the  lateral 
margins  being  markedly  divergent,  the  outer  margin  a little  longer  than  the 
inner;  both  distal  angles  truncate,  the  distal  margin  between  them  excavate; 
the  outer  distal  angle  supports  a small  subovate  article  which  is  not  quite  as 
long  as  the  width  of  the  distal  margin  of  the  preceding  article,  and  is  scarcely 
one-half  as  wide  as  its  own  length,  with  the  outer  lateral  and  distal  lobe  of  the 
inner  lateral  margin  furnished  with  setae  which  are  quite  as  long  or  longer  than 
the  article  itself;  the  inner  distal  angle  supports  an  article  that  is  similar  to, 
but  only  about  two-thirds  as  large  as  the  outer  article  and  is  devoid  of  long 
setae. 

The  sternal  plastron  is  wide  and  concave. 

The  external  antennae  are  about  one-third  longer  than  the  extended 
cheliped. 

The  inner  antennae  are  quite  similar  to  those  of  the  adult.  However, 
the  setae  are  longer  and  more  abundant  on  the  antennae  of  the  megalops. 

The  external  maxillipeds  are  quite  long  and  very  abundantly  furnished 
with  brushes  of  plumose  setae  which  are  much  longer  in  proportion  to  the  seg- 
ments than  those  of  the  adults. 

The  eyestalk  is  minutely  longer  than  that  of  the  adult;  the  cornea  is  similar 
to  that  of  the  adult. 

The  cheliped  (one  is  missing  in  the  specimen  under  examination)  is  a 
miniature  replica  of  the  adult  cheliped  except  that  the  three  teeth  of  the  anterior 
lateral  margin  of  the  carpus  are  more  acute-tipped  than  those  of  the  adult.  The 
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inferior  margin  of  the  propodus  is  similarly  grooved;  there  is  no  groove  on  the 
dactyl.  The  cheliped  of  the  megalops  is  smaller  in  proportion  to  the  ambula- 
tories than  is  that  of  the  adult  of  either  sex. 

The  first,  second  and  third  pairs  of  ambulatories  are  similar  in  structure 
and  decrease  slightly  in  length  in  the  order  named.  These  legs  are  long,  slender 
and  finely  setose.  Each  leg  has  the  proximal  articles  well-developed,  the  distal 
part  of  the  ischium  projecting  beyond  the  carapace  in  a dorsal  view;  the  merus 
is  elongate  and  dilated  with  the  lateral  margins  convergent  proximally  and 
distally  as  in  the  adult  form;  the  carpus,  propodus  and  dactyl  are  long,  slender, 
compressed  cylindrical;  the  carpus  being  half  as  long  as  the  merus;  the  propodus 
is  quite  as  long  as  the  merus;  the  dactyl  nearly  two-thirds  as  long  as  the  propodus, 
curved,  acuminate,  armed  on  its  ventral  lateral  margin  with  a series  of  spines. 

The  fifth  pair  of  legs  are  small  and  slender,  similar  to  those  of  the  adult, 
except  that  those  of  the  megalops  are  extended  instead  of  being  reflexed  and 
concealed. 

Color. — The  color  of  the  alcoholic-preserved  adult  specimen  is  a rich  rose 
red  on  the  carapace  and  legs;  there  are  a pair  of  small  circular  white  spots  on 
the  branchial  region  just  posterior  to  the  border  of  the  hepatic  region.  There 
is  also  a conspicuous  broad,  median  longitudinal  band  of  white  running  from 
the  base  of  the  carpus  to  the  base  of  the  hinged  finger;  a much  narrower, 
linear  band  of  white  extends  from  the  base  of  the  hinged  finger  along  the  cut- 
ting edge,  widening  distally;  the  tips  of  both  the  hinged  and  propodal  fingers  are 
white. 

The  smallest  adult,  which  is  but  little  larger  than  the  megalops,  has  the 
same  distinctive  color  pattern. 

Habits.- — This  elegant  little  elfin  crab  dwells  in  the  crevices  of  the  coral 
rock  bottom.  It  possesses  the  habit,  so  well  known  as  a spider-crab  attribute, 
but  so  far  as  I am  aware,  not  heretofore  ascribed  to  a Porcellanid,  of  dressing 
itself  in  bits  of  its  environment.  The  adult  representatives  of  the  present  species 
in  every  instance  had  their  ambulatory  legs  heavily  clothed  in  sponge  and 
bryozoa;  the  exposed  carapace  and  chelipeds,  because  of  their  color-pattern, 
would  blend  indistinguishably  with  the  coral  rock  background. 

Family  Hippidae 
Genus  Hippa  Fabricius 

Hippa  denticulatifrons  (Miers).  Sand  Bug. 

Remipes  testudinarius,  var.  denticulatifrons  Miers,  Jour.  Linn.  Soc. 
London,  vol.  14,  p.  318,  pi.  5,  fig.  2,  1878.  Balss,  Abh.  10,  p. 
92,  text-fig.  50,  1914. 

Remipes  adactylus  denticulatifrons  Ortmann,  Zool.  Jahrb.  Syst., 
vol.  9,  p.  220,  and  synonymy,  1896. 

Hippa  denticulatifrons  Rathbun,  Proc.  U.  S.  Nat.  Mus.  vol.  38, 
p.  595,  1910;  Schmitt,  Zoologica:  N.  Y.  Zoological  Society, 
Vol.  V,  No.  15,  p.  170,  1924. 
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Fig.  19.  Hippa  denticulatifrons  (Miers)X2. 


Diagnostic  Characters. — Frontal  margin  denticulate.  Lateral  lobes  nar- 
rower and  projecting  slightly  beyond  the  median  pair.  Dactyli  of  second  and 
third  legs  very  strongly  falcate,  with  the  distal  half  very  narrow  and  the  apex 
acute. 

Type. — Miers’  type  material  is  deposited  in  the  British  Museum.  In  his 
description  of  this  species,  which  he  ranked  as  a subspecies,  he  states  that 
the  variety  is  apparently  as  widespread  as  its  Indo-Pacific  congener,  H.  tes- 
tudinarius. 
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Galapagos  Distribution. — Charles  Island  (Miers):  Conway  Bay,  Indefatig- 
able Island  and  Eden  Island  (Harrison  Williams  Galapagos  Expedition);  Tower 
Island  (Arcturus  Oceanographic  Expedition). 

General  Distribution. — Zanzibar;  Philippine  Islands;  Masbate;  Java;  New 
Hebrides,  Aneityum;  Loyalty  Islands;  Lifu;  Galapagos;  Cocos  Island. 

Material  Examined. — One  male,  Cocos  Island,  May  22,  1925;  one  male, 
one  female  and  one  very  young  specimen  from  station  37,  zone  H,  Darwin 
Bay,  Tower  Island,  taken  by  the  Arcturus;  one  female  and  one  male  taken  by 
the  Harrison  Williams  Galapagos  Expedition  at  Conway  Bay,  Indefatigable 
Island,  Galapagos. 

Technical  Description. — Carapace  12  mm.  long,  9 mm.  wide;  moderately 
convex  in  both  directions;  marked  with  fine,  broken,  transverse  lines  and 
very  finely  setigerous.  The  frontal  margin  is  sinuous,  divided  into  four  lobes, 
of  which  the  median  pair  are  moderately  developed,  obtuse  and  rounded,  the 
submedian  or  lateral  pair  are  narrower  basally  and  project  a little  beyond  the 
level  of  the  median  pair.  The  frontal  margin  is  denticulate,  this  normally 
being  more  pronounced  in  the  adult.  There  is  a small  lateral  submarginal 
band  composed  of  striations  and  small  tufts  of  hair. 

The  first,  second,  third,  fourth  and  proximal  part  of  the  fifth  abdominal 
segments  are  dorsal  in  position  and  form  a convex,  triangular  wedge  of  which 
the  remaining  part  of  the  fifth  segment  and  the  long  sixth  segment  form  the 
convex  lower  surface.  The  first  segment  has  its  lateral  parts  produced  into 
rounded  wing-like  projections  which  are  ornamented  dorsally  with  two  parallel 
transverse  bands  of  short  hairs,  which  give  the  lateral  parts  the  aspect  of  being 
composed  of  three  segments.  The  second  segment  is  about  as  long  and  fits 
into  the  posterior  emargination  of  the  first  segment;  the  lateral  parts  of  the 
second  segment  are  only  a little  produced  and  rounded,  and  traversed  by  a 
short  median  band  of  setae  simulating  two  segments;  the  third  segment  is 
about  as  long  but  not  so  wide  as  the  second  and  has  its  lateral  margins  rounded, 
not  produced  and  with  only  a very  short  transverse  line  of  setae  on  the  lateral 
lobe;  the  fourth  segment  is  about  as  long  as  the  third  but  is  more  strongly 
vaulted  and  has  its  lateral  margins  acuminate;  the  fifth  segment  is  mostly  ven- 
tral in  position,  strongly  vaulted,  subtriangulate  and  about  one  and  two  thirds 
times  as  long  as  the  fourth;  the  telson  is  about  two  and  one  third  to  two  and 
one  half  times  as  long  as  the  preceding  segment  and  forms  an  elongated,  arched 
triangle  with  smooth  polished  surface  and  subcarinated  lateral  margins  which 
bear  fine  setae  set  upon  the  side  of  the  telson.  The  rhipidura  arise  from  the 
outer  proximal  border  of  the  telson  and  consist  of  a long,  arched,  basal  joint 
which  is  reflexed  backward  and  upward  upon  the  abdomen,  and  two  ovate 
blades  which  are  reflexed  over  and  above  the  lateral  margin  of  the  first  abdom- 
inal segment.  The  outer  blade  is  narrow,  fringed  with  long  setae,  and  is 
about  as  long  as  the  basal  joint  of  the  rhipidura.  The  inner  blade  is  only  about 
three  fourths  as  long  as  the  outer  and  is  also  relatively  much  broader  distally. 
The  inner  blade  is  set  upon  a small,  stocky  basal  joint  which  in  turn  arises 
from  the  large  peduncular  joint  of  the  rhipidura. 

The  eyestalks  are  slender,  biarticulate,  gradually  dilating  a little  distally 
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and  being  produced  on  the  inner  distal  side  in  cuplike  process  around  the  cornea 
which  is  convex,  shining  black,  composed  of  many,  minute  hexagonal  facets. 
The  eyestalks  project  slightly  beyond  the  basal  joints  of  the  antennulae. 

The  antennules  are  coarse,  biflagellate  and  much  longer  than  the  antennae. 
The  first  peduncular  joint  of  the  antennules  is  short,  broad  and  convex  dorsally 
with  the  outer  lateral  margin  produced  into  a rounded,  concave-convex  process 
which  curves  under  the  dorsal  part  and  is  fringed  along  its  margins  with  long 
setae;  the  second  joints  are  slender,  cylindrical  and  slightly  longer  than  the 
first  joints  and  support  the  flagella,  the  shorter  of  which  consists  of  nine  rather 
coarse  articles,  which  are  sparsely  set  with  coarse  setae;  the  longer  flagellum 
consists  of  thirty  short  annulations,  each  of  which  is  set  with  a few  hairs  on 
the  upper  distal  margin.  The  longer  flagellum  is  approximately  twice  as  long 
as  the  shorter  branch,  and  reaches  almost  as  far  forward  as  the  anterior  pair 
of  legs  when  extended. 

The  external  antennae  are  very  coarse  and  reach  only  to  about  midway 
the  short  flagellum  of  the  inner  antennae.  The  basal  joint  is  short,  truncated 
distally  and  fitted  into  the  lateral  angle  of  the  carapace;  the  second  joint  is 
longer  than  the  first  and  slightly  concave  on  the  dorsal  surface  beneath  the  eye, 
with  the  outer  lateral  margin  rounded  and  upcurved;  the  third  joint  is  rather 
ventral  is  position  curving  around  and  encupping  the  short  fourth  joint;  the 
third  joint  is  fringed  along  its  inner  and  distal  margin  with  long  plumose  setae 
which  form  a web-like  sieve;  the  coarse  flagellum  consists  of  three  successively 
shorter  articles,  all  set  with  bristles. 

The  external  maxillipeds  have  the  first  and  second  articles  small,  the  third 
large,  laminar,  three-fifths  as  wide  as  long,  with  the  outer  surface  slightly  convex 
and  marked  with  series  of  short  transverse,  striae  from  each  of  which  arise 
tufts  of  plumose  setae.  The  first  article  of  the  palp  is  quite  small,  the  second 
elongate  and  narrowing  somewhat  distally;  the  terminal  segment  is  two-thirds 
as  long  as  the  preceding  one;  it  is  decidedly  acuminate  and  set  with  several 
brushes  of  long  setae.  The  last  two  articles  of  the  palp  form  a sabre-like  weapon. 

The  first  pair  of  legs  have  the  proximal  joints  strong,  close-set;  the  merus  is 
broad,  reflexed  and  appressed  transversely  across  the  ventral  wall  of  the  cara- 
pace; there  is  a series  of  short  transverse  striae  from  which  arise  tufts  of  setae, 
on  the  outer  surface  of  the  merus.  The  carpus,  propodus  and  dactyl  are  sub- 
equal, long,  slender,  subcylindrical  articles  each  of  which  has  similar  striae  and 
tufts  of  setae.  The  second  and  third  pairs  of  legs  are  similar;  they  have  the 
carpus,  propodus  and  dactyl  highly  specialized.  The  proximal  joints  and  merus 
are  fitted  closely  against  the  body,  the  carpus  arches  forward  and  is  wider 
distally.  Its  outer  lateral  surface  is  flat  and  bears  two  longitudinal  rows  of 
setae;  the  anterior  distal  margin  forms  an  angular  elbow  into  which  the  propodus 
fits;  the  latter  is  short,  as  broad  distally  as  its  maximum  width;  and  excavate 
distally  on  the  outer  face,  the  inner  face  being  produced  to  an  elongated,  rounded 
lobe;  the  dactyl  which  is  stout  and  falcate  fits  into  this  excavation  of  the  pro- 
podus. The  posterior  margin  of  the  finger  is  convex,  the  anterior  margin, 
concave;  both  furnished  with  thick-set  setae. 

The  fourth  pair  of  legs  are  also  robust,  but  differ  from  the  second  and  third 
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pairs,  in  having  a narrower  carpus  and  propodus  and  in  having  the  dactyl 
longer,  narrower  and  acuminate  with  its  anterior  margin  flattened  nearly 
straight  and  its  posterior  margin  a little  concave  and  set  with  a brush  of  very 
short  setae. 

The  fifth  legs  are  rudimentary  and  are  folded  beneath  the  reflexed  abdomen. 
They  are  long,  slender  and  subchelate.  The  male  genital  appendages  arise  from 
the  coxal  joint  of  these  legs.  They  are  paired,  short  triangulate  organs  which 
are  concave  on  their  inner  faces  and  convex  on  the  outer  faces. 

The  female  appendages  consist  of  four  pairs  of  long,  slender  rod-like  proc- 
esses of  successively  decreasing  length  posteriorly. 
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I.  Introduction. 

(Fig.  1.) 

For  the  last  two  years  the  writer  has  been  engaged  in  parasito- 
logical research  in  the  Animal  Hospital  Laboratory  of  the  New  York 
Zoological  Park.  Parasitism,  as  a biological  phenomenon,  has  long 
been  recognized,  and  a glance  at  medical  history  convinces  one  of  the 
importance  of  such  a study.  It  is  not  only  important  from  the  stand- 
point of  human  disease,  but  equally  important  from  a domestic 
and  agricultural  standpoint.  The  New  York  Zoological  Park  offers 
excellent  opportunities  for  the  development  of  a Biological  Research 
Laboratory  within  its  own  boundary. 

Each  year  a varying  number  of  animals  die  from  one  cause  or 
another,  and  a careful  examination  is  made  at  autopsy  by  Dr. 
Charles  V.  Noback,  Park  Veterinarian,  for  pathological  data  and  to 
determine  the  immediate  cause  of  death.  Various  internal  parasites 
such  as  flukes,  tapes,  and  round  worms,  are  encountered.  Among 
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these,  round  worms  are  by  far  the  most  numerous,  and  as  the  study  to 
date  has  been  chiefly  among  mammals,  it  was  thought  advisable  to 
include  only  data  pertaining  to  nematode  parasites  from  this  group. 
In  making  a study  of  this  nature  it  is  important  to  determine  the 
sources  of  infestation.  The  distribution,  food,  habits,  and  duration 
of  captivity  of  the  host,  together  with  a detailed  knowledge  of  the 
morphology,  life  history,  and  habitat  of  the  parasite  involved  are 
essentials  that  must  not  be  overlooked. 

The  heaviest  mortality  occurs  among  recent  arrivals  in  the 
park.  These  invariably  harbor  the  greatest  variety  and  the  largest 
number  of  parasites.  Observations  of  workers  (Fox,  1923)  in  the 
field  support  the  theory  that  most  animals  in  captivity  obtain  their 
parasites  from  the  region  from  which  they  were  taken.  During  this 
year  in  the  case  of  two  kit  or  swift  foxes,  Vulpes  velox,  from  New 
Mexico,  one  died  enroute  to  the  park,  and  at  autopsy  both  Physalop- 
tera  and  Toxascaris  were  obtained.  Fecal  examinations  of  the  other 
showed  ova  of  both  species  in  abundance.  On  the  other  hand,  in  the 
case  of  a polar  bear,  Thalarctos  maritimus,  that  had  been  in  the  park 
twenty  years,  169  Toxascaris  transfuga  were  taken  at  autopsy,  which 
may  indicate  that  reinfestation  occurs  in  the  park.  However,  it  is 
not  the  purpose  to  discuss  further  the  sources  of  infestation,  but 
rather  to  record  the  data  collected  from  the  material  at  hand.  The 
primary  purpose  of  this  report  is  to  bring  together  under  one  binding 
the  literature  pertaining  directly  to  our  own  specific  needs;  however, 
it  is  hoped  that  other  workers  in  the  field  may  find  it  useful. 

II.  Acknowledgments. 

The  writer  wishes  to  express  his  gratitude  to  the  New  York 
Zoological  Society  for  the  publication,  and  the  grant  that  made  this 
study  possible;  to  Dr.  W.  Reid  Blair,  Director  of  the  New  York 
Zoological  Park — for  the  use  of  the  laboratory  facilities  where  the 
major  part  of  the  work  was  done;  and  to  Dr.  Charles  V.  Noback, 
Park  Veterinarian,  for  the  material  placed  at  his  disposal,  and  for 
many  helpful  suggestions  throughout  the  study. 

Thanks  are  due  to  Dr.  M.  C.  Hall  and  his  associates  for  the 
assistance  in  identification  and  advice  in  general  methods  of  pro- 
cedure while  the  writer  was  a guest  in  the  Laboratory  of  the  U.  S. 
Department  of  Agriculture,  Washington,  D.  C.  To  Dr.  E.  W.  Price, 
and  to  Dr.  B.  G.  Chitwood,  the  writer  expresses  his  appreciation  for 
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the  examination  and  helpful  suggestions  in  the  description  of  the 
new  species. 

Grateful  acknowledgments  are  due  Dr.  Charles  H.  Willey,  New 
York  University,  for  assisting  in  the  preparation  of  the  manuscript. 

III.  Technique  and  Methods  of  Procedure. 

The  information  contained  in  this  report  was  obtained  from  the 
study  of  a collection  of  nematode  parasites  collected  from  mammals 
that  died  in  the  New  York  Zoological  Park  during  the  year  1930. 
At  autopsy  the  mesentery  holding  the  various  organs  intact  was 
carefully  cut  away  and  the  organs  extended  and  dissected.  The 
intestine  was  opened  with  an  enterotome  and  the  mucous  lining 
scraped  in  order  to  detach  any  adherent  parasites.  Each  organ  was 
placed  in  a separate  jar  of  water  and  vigorously  washed.  After  a 
few  minutes,  parasitic  worms,  if  any  were  present,  settled  to  the  bot- 
tom together  with  heavier  ingesta.  The  water  was  decanted,  leaving 
only  sediment,  and  more  water  was  added.  The  same  process  was 
repeated  until  the  li  quid  no  longer  became  turbid  when  the  contents 
of  the  jar  was  stirred.  The  water  was  then  poured  off  and  physio- 
logical salt  solution  added.  The  parasites  may  be  kept  alive  in  this 
solution  for  several  hours. 

Two  methods  of  killing  and  fixing  were  employed.  The  worms 
were  placed  in  10  percent  formalin  for  a period  of  ten  minutes,  and 
then  transferred  directly  to  lactophenol  (for  formula  see  Ward  and 
Whipple  1918,  Fresh-Water  Biology,  p.  508)  which  dehydrates, 
preserves,  and  clears.  Unfortunately,  some  worms  treated  by  this 
method  deteriorated  and  were  rendered  useless.  The  best  method 
employed  was  to  kill  the  worms  in  hot  70  percent  alcohol.  To  this 
solution  a small  amount  of  glycerine  may  be  added.  Nematodes 
stored  in  this  solution  may  be  cleared  quickly  in  lactophenol  or  any 
other  clearing  agent  for  immediate  use. 

Measurements  were  obtained  as  follows,  and  the  results  re- 
corded in  millimeters  and  microns.  The  worms  were  first  placed 
under  a dissecting  microscope  on  a graduated  glass  slide,  100  mm. 
long.  The  length  of  the  worms  together  with  relative  positions  of 
various  organs  were  obtained  in  this  manner.  Then  the  worms  were 
transferred  to  a compound  microscope,  where  minute  measurements 
of  various  organs  were  made  by  means  of  an  ocular  micrometer. 
Curved  organs  like  the  spicuoles  etc.  were  projected  with  a camera 
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lucida,  and  the  magnification  ascertained.  Outline  drawings  were 
made  in  this  manner.  For  more  detailed  observations,  permanent 
glycerine  jelly  mounts  were  made  from  dissections  of  the  worms,  and 
these  studied  with  an  oil  immersion  lens.  With  this  information  in 
hand  a careful  review  of  the  literature  was  made.  In  a few  cases 
where  identification  was  not  definite  the  abbreviation  sp.  was  em- 
ployed. 

In  Part  IV.  the  systematic  arrangement  of  the  hosts  is  that 
adopted  by  Flower  (1929).  The  dates  of  arrival  and  death  are  given, 
and  the  time  in  captivity  may  be  ascertained.  The  name  and  number 
of  each  nematode  obtained,  together  with  the  location  within  the 
host  is  given. 

In  Part  V.  the  zoological  order  of  the  nematodes  is  adopted  from 
Yorke  and  Maplestone  (1926)  and  the  species  are  listed  alphabeti- 
cally. Whenever  possible  a detailed  description,  and  in  some  cases 
a brief  comment  has  been  given  followed  by  a list  of  the  hosts  from 
which  the  nematodes  were  taken. 

IV.  Synoptic  List  of  Mammals  From  Which  Nematode 
Parasites  were  Collected. 

order  primates. 

Family  Hylobatidae. 

Hylobates  hoolock,  (hoolock  gibbon)  arrived  6/19/30;  died  8/19/30. 

3 Oesophagostomum  blanchardi , intestine. 

17  Oxyuroidea  sp.  (larvae)  intestine. 

18  Physaloptera  sp.  (larvae)  stomach. 

Symphalangus  syndactylus,  (black  gibbon)  arrived  2/13/29;  died  7/8/30. 

10  Trichuris  sp.  cecum. 

Symphalangus  syndactylus , (black  gibbon)  arrived  1/15/30;  died  8/19/30. 

1 Trichuris  sp.  cecum. 

16  Oesophagostomum  apiostomum,  intestine. 

1 Oxyuroidea  sp.  (larva)  intestine. 

5 Physaloptera  sp.  (larvae)  stomach. 

Family  Cercopithecidae. 

Pithecus  entellus,  (langur)  arrived  9/28/29;  died  12/17/30. 

1 Gongylonema  pulchrum,  intestines. 

Cercopithecus  cephus,  (moustache  monkey)  arrived  7/8/30;  died  7/11/30. 

3 Trichuris  sp.  cecum. 

Cercopithecus  cephus , (moustache  monkey)  arrived  7/8/30;  died  10/3/30. 

2 Trichuris  sp.  cecum. 

4 Subulura  distans , cecum. 
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Cercopithecus  sabaeus,  (green  monkey)  arrived  9/12/29;  died  2/3/30. 

55  Subulura  distans,  intestine. 

Cercopithecus  sabaeus,  (green  monkey)  arrived  9/12/30;  died  10/24/30. 

4 Trichuris  sp.  intestine. 

Cercopithecus  sabaeus,  (green  monkey)  arrived  4/25/30;  died  10/14/30. 

53  Subulura  distans,  intestine. 

3 Physaloptera  sp.  (larvae)  intestine. 

Cercocebus  fuliginosus,  (sooty  mangaby)  arrived  10/30/30;  died  12/27/30. 

300  Subulura  distans,  cecum. 

Macaca  irus,  (Java  macaque)  arrived  9/20/29;  died  1/28/30. 

3 Subulura  distans,  intestine. 

Macaca  irus,  (Java  macaque)  arrived  9/20/29;  died  4/2/30. 

15  Oesophagostomum  apiostomum,  intestine. 

8 Subulura  distans,  intestine. 

Macaca  mulatta,  (Rhesus  monkey)  arrived  9/23/29;  died  8/15/30. 

104  Subulura  distans,  intestine. 

Macaca  mulatta,  (Rhesus  monkey)  arrived  10/23/29;  died  8/15/30. 

12  Subulura  distans,  intestine. 

Macaca  fuscata,  (Japanese  red-faced  monkey)  arrived  4/24/29;  died  3/25/30. 

5 Subulura  distans,  cecum. 

Macaca  sylvana,  (barbara  ape)  arrived  4/14/30;  died  7/2/30. 

80  Subulura  distans,  intestine. 

10  Physaloptera  caucasica,  stomach. 

Cynopithecus  niger,  (black  ape)  arrived  5/31/30;  died  10/4/30. 

10  Oesophagostomum  apiostomum,  intestine. 

Family  Cebidae. 

Cebus  apella,  (weeper  sapajou)  arrived  2/14/30;  died  6/20/30. 

1 Dipetalonema  gracile,  body  cavity. 

Cebus  capucina,  (white-faced  sapajou)  arrived  11/27/29;  died  11/12/30. 

1 Ancylostoma  caninum,  intestine. 

6 Oxyuroidea  sp.  (larvae)  intestine. 

13  Physaloptera  sp.  (larvae)  intestine. 

1 Dipetalonema  gracile,  body  cavity. 

Cebus  capucina,  (white-faced  sapajou)  arrived  11/2/29;  died  9/5/30. 

3 Physaloptera  sp.  (larvae)  stomach. , 

Lagothrix  humboldtii,  (woolly  monkey)  arrived  3/8/30;  died  4/3/30. 

1 Necator  americana,  ilium. 

27  Enterobius  sp.  intestine. 

Lagothrix  humboldtii,  (woolly  monkey)  arrived  6/10/29;  died  3/24/30. 

20  Trichostrongylus  sp.  intestine. 

33  Dipetalonema  gracile,  body  cavity. 

Ateles  ater,  (spider  monkey)  arrived  10/12/27;  died  5/19/30. 

55  Enterobius  sp.  intestine. 

Ateles  ater,  (spider  monkey)  arrived  10/20/29;  died  2/24/30. 

2 Strongyloidea  sp.  intestine. 

Ateles  ater,  (spider  monkey)  arrived  6/6/28;  died  8/24/30. 

1 Dipetalonema  gracile,  body  cavity. 
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Order  CARNIVORA. 

Family  Felidae. 

Felts  tigris,  (tiger)  arrived  11/4/22;  died  6/16/30. 

17  Toxascaris  leonina,  intestine. 

10  Toxocara  mystax,  intestine. 

Acinonyx  jabatus,  (cheetah)  arrived  8/8/29;  died  3/3/30. 

59  Toxascaris  leonina,  intestine. 

20  Toxocara  mystax,  intestine. 

Family  Canidae. 

Vulpes  fulva,  (silver  fox)  arrived  7/2/29;  died  2/23/30. 

6 XJncinaria  stenocophalus,  intestine. 

Vulpes  zerda,  (fennic  fox)  arrived  5/22/29;  died  8/6/30. 

1 Ancylostoma  duodenale,  intestine. 

2 Oxyuroidea  sp.  intestine. 

Family  Mustelidae. 

Mephitis  mephitis,  (Canadian  skunk)  arrived  8/6/30;  died  8/14/30. 

144  Physaloptera  maxillaris,  stomach. 

Family  Procyqnidae. 

Procyon  lotor,  (raccoon)  arrived  1930;  died  9/2/SO. 

2 Ascaroidea  sp.  stomach. 

Thalarctos  maritimus,  (polar  bear)  arrived  9/10/10;  died  2/26/30. 

169  Toxascaris  transfuga,  intestine. 

Order  RODENTIA. 

Family  Hystricidae. 

Hystrix  leucura,  (Indian  porcupine)  arrived  10/24/21 ; died  8/19/30. 

1 Oesophagostomum  sp.  intestine. 

Family  Erethizontidae. 

Erethizon  dorsatum,  (Canadian  porcupine)  arrived  9/30/30;  died  10/21/30. 
50  Wellcomia  evoluta,  intestine. 

Family  Donomyidae. 

Dinomys  branickii,  (Branick  rat)  arrived  4/7/30;  died  8/22/30. 

1 Trichurus  sp.  cecum. 

20  Wellcomia  branickii,  n.  sp.  intestine. 

Family  Cuniculidae. 

Cuniculus  paca,  (spotted  cavy)  arrived  1/5/30;  died  2/3/30. 

5 Heligmostrongylus  sedecimradiatus,  cecum. 
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Cuniculus  paca,  (spotted  cavy)  arrived  8/19/30;  died  8/25/30. 

79  Physaloptera  torresi,  stomach. 

Cuniculus  paca,  (spotted  cavy)  arrived  12/6/29;  died  7/17/30. 

49  Physaloptera  torresi , stomach. 

Family  Dasyproctidae. 

Dasyprocta  agouti , (golden  agouti)  arrived  1/7/30;  died  6/22/30. 

58  Physaloptera  torresi , stomach. 

Order  LAGOMORPHA. 

Family  Leporidae. 

Lepus  californicus  melanotis,  (Kansas  jack  rabbit)  arrived  5/26/30;  died  6/16/30. 

4 Obeliscoides  cuniculi,  intestine. 

Order  ARTIODACTYLA. 

Family  Bovidae. 

Bison  bison,  (American  buffalo)  arrived  4/9/16;  died  11/14/30. 

1 Ascaroidea  sp.  (broken)  intestine. 

Ovibos  moschatus,  (musk  ox)  arrived  10/30/29;  died  8/22/30. 

Many  Trichuris  sp.  cecum. 

Damaliscus  korrigum,  (tiang)  arrived  5/25/25;  died  4/13/30. 

6 Capillaria  sp.  intestine. 

Antilope  cervicapra,  (blackbuck)  arrived  9/8/27;  died  11/10/30. 

5 Bunostomum  trigonocephalum,  intestine. 

Taurotragus  oryx,  (eland)  arrived  5/6/29;  died  10/8/30. 

Many  Nematodirus  sp.  intestine. 

Family  Cervidae. 

Dama  dama,  (fallow  deer)  arrived  6/9/29;  died  8/5/30. 

101  Trichuris  sp.  cecum. 

11  Oesophagostomum  venulosum,  intestine. 

Dama  dama,  (fallow  deer)  arrived  6/9/29;  died  8/5/30. 

5 Trichuris  sp.  cecum. 

13  Oesophagostomum  venulosum,  intestine. 

Rucervus  duvancelii,  (Barasingha  deer)  arrived  5/13/29;  died  10/2/30. 

7 Oesophagostomum  venulosum,  intestine. 

Cervus  songaricus  (Altai  elk)  arrived  7/15/14;  died  7/2/30. 

37  Oesophagostomum  venulosum,  intestine. 

Order  XENARTHRA. 

Family  Dasypodidae. 

Euphractus  sexcinctus,  (6  banded  armadillo)  arrived  6/9/27;  died  12/2/30. 

19  Aspidodera  sp.  intestine. 
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V.  Synoptic  List  of  Nematode  Parasites. 

Superfamily  Trichuroidea  Railliet  1916. 

Family  Trichuridae  Railliet  1915. 

Superfamily  Strongyloidea  Weinland  1858;  Hall  1916. 

Family  Strongylidae  Baird  1853. 

Subfamily  Oesophagostominae  Railliet  1915. 

Genus  Oesophagostomum  Molin  1861. 

Oesophagostomum  apiostomum  (Willach  1891) 10 

Oesophagostomum  blanchardi  Railliet  and  Henry  1912 11 

Oesophagostomum  venulosum  (Rudolphi  1809) 11 

Family  Ancylostomidae  (Looss  1905)  Lane  1917. 

Subfamily  Ancylostominae  (Looss  1905)  Stephens  1916. 

Genus  Ancylostoma  ( Dubini  1843)  Creplin  1845. 

Ancylostoma  caninum  (Ercolani  1859) 12 

Ancylostoma  duodenale  (Dubini  1843)  Creplin  1845 12 

Subfamily  Necatorinae  Lane  1917. 

Genus  Necator  Stiles  1903. 

Necator  americanus  { Stiles  1902) 13 

Genus  Uncinaria  Froelich  1789. 

TJncinaria  stenocephala  (Railliet  1884) 13 

Genus  Bunostomum  Railliet  1902. 

Bunostomum  trigonocephalum  (Rudolphi  1808) 13 

Family  Trichostrongylidae  Leiper  1912. 

Subfamily  Trichostrongylinae  Leiper  1908. 

Genus  Trichostrongylus  Looss  1905. 

Genus  Obeliscoides  Graybill  1924. 

Obeliscoides  cuniculi  (Graybill  1923) 14 

Genus  Nematodirus  Ransom  1907. 

Subfamily  Heligmosominae  Travassos  1914. 

Genus  Heligmostrongylus  Travassos  1917. 

Heligmostrongylus  sedecimradiatus  (Linstow  1899) 15 

Superfamily  Oxyuroidea  Railliet  1916. 

Family  Oxyuridae  Cobbold  1864. 

Subfamily  Oxyurinae  Hall  1916. 

Genus  Enterobius  Leach  1855. 

Subfamily  Syphaciinae  Railliet  1916. 

Genus  Wellcomia  Sambon  1907. 

Wellcomia  branickii  sp.  nov 16 

Wellcomia  evoluta  (Linstow  1899) 16 
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Family  Heterakidae  Railliet  and  Henry  1914. 

Subfamily  Heterakinae  Railliet  and  Henry  1912. 

Genus  Aspidodera  Railliet  and  Henry  1912. 

Family  Subuluridae  Yorke  and  Maplestone  1926. 

Subfamily  Subulurinae  Travassos  1914. 

Genus  Subulura  Molin  1860. 

Subulura  distans  (Rudolphi  1809) 19 

Superfamily  Ascaroidea  Railliet  and  Henry  1915. 

Family  Ascaridae  Baird  1853. 

Subfamily  Ascarinae  (Railliet  and  Henry  1912)  Travassos  1913. 

Genus  Toxocara  Stiles  1905. 

Toxocara  mystax  (Zeder  1800) 20 

Genus  Toxascaris  Leiper  1907. 

Toxascaris  leonina  (Linstow  1902) 21 

Toxascaris  transfuga  (Rudolphi  1819) 21 

Superfamily  Spiruroidea  Railliet  and  Henry  1915. 

Family  Spiruridae  Oreley  1885. 

Subfamily  Gongyloneminae  Hall  1916. 

Genus  Gongylonema  Molin  1857. 

Gongylonema  pulchrum  Molin  1857 . 22 

Family  Physalopteridae  Leiper  1908. 

Subfamily  Physalopterinae  Railliet  1893. 

Genus  Physaloptera  Rudolphi  1819. 

Physaloptera  caucasica  von  Linstow  1902 22 

Physaloptera  maxillaris  Molin  I860 23 

Physaloptera  torresi  (Travassos  1920) 24 

Superfamily  Filarioidea  Weinland  1858;  Stiles  1907. 

Family  Filariidae  (Cobbold  1864)  Claus  1885. 

Subfamily  Setariinae  Yorke  and  Maplestone  1926. 

Genus  Dipetalonema  Diesing  1861. 

Dipetalonema  gracile  (Rudolphi  1809) 25 

The  family  Trichuridae  is  represented  by  two  genera,  Trichuris  Roederer 
1761,  and  Capillaria  Zeder  1800.  As  has  been  pointed  out  by  Schwartz  (1926) 
and  others,  certain  specific  characters,  such  as  size,  shape  and  armature  of  the 
spicule  sheath,  dimensions  of  the  ova,  etc.  are  very  unsatisfactory  in  the  genus 
Trichurus.  Chandler  (1930)  suggested  that  if  a more  detailed  description  of  the 
male  gonads  be  added,  the  problem  of  differentiating  species  would  be  greatly 
simplified.  He  describes  and  figures  six  species. 
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There  is  only  one  species  of  the  genus  Capillaria  represented  and  this 
together  with  the  members  of  the  genus  Trichuris  has  been  reserved  for  further 
study. 


No.1  Hosts. 


301,  302, 
303,  304, 

305, 

306, 

307, 

308, 

309,  3010, 


Symphalangus  syndactylus,  (black  gibbon). 
Cercopithecus  cephus,  (moustached  monkey). 
Cercopithecus  sabaeus,  (green  monkey). 
Dinomys  branickii,  (Branick  rat). 

Ovibos  moschatus,  (musk  ox). 

Damaliscus  korrigum,  (tiang). 

Dama  dama,  (fallow  deer). 


This  genus  ( Oesophagostomum ) is  represented  by  three  species,  two  from 
Primates,  and  one  from  deer.  The  specimens  were  all  adults,  living  in  the  small 
intestine.  The  species  Oesophagostomum  apiostomum  will  be  described  in  detail, 
while  only  the  major  distinguishing  characters  of  O.  blanchardi,  and  O.  venulosum 
will  be  pointed  out. 

Oesophagostomum  apiostomum  (Willach  1891). 

The  males  vary  in  length  from  10  mm.  to  12.8  mm.,  and  in  breadth  from 
405  fx  to  565  ix.  The  body  is  attenuated  both  anteriorly  and  posteriorly.  The 
cuticle  is  transversely  striated  at  intervals  of  about  14  /x  near  the  posterior  end 
of  the  oesophagus.  The  cuticle  between  the  mouth  collar  and  the  transverse 
groove  is  inflated  to  form  a vesicular  swelling.  There  are  two  lateral  mem- 
branous wings  that  arise  from  the  cervical  groove  and  extend  to  a point  near  the 
end  of  the  oesophagus. 

The  head  bears  2 lateral  and  4 submedian  papillae.  The  submedian  papillae 
are  slightly  bifurcated.  The  mouth  collar  is  well  developed,  and  the  leaf  crown 
consists  of  10  to  13  elements.  The  mouth  capsule  has  the  shape  of  a truncated 
cone,  and  measures  about  45  /x  to  49  /x  in  diameter  at  the  opening,  and  from  78  u 
to  82  ix  at  the  base.  Its  length  is  about  2,1  ix.  The  posterior  margin  of  the  mouth 
capsule  is  provided  with  three  teeth.  The  internal  leaf  crown  appears  to  be 
absent.  The  oesophageal  funnel  is  well  developed. 

The  oesophagus  is  club-shaped  and  measures  about  615  ix  in  length,  and 
from  74  m minimum  thickness,  to  145  microns  or  more  near  the  posterior  end. 
The  excretory  pore  is  located  on  the  ventral  side  of  the  body  just  behind  the 
cervical  groove,  which  is  about  247  ix  from  the  anterior  end  of  the  body.  The 
nerve  ring  measures  about  29  /x  wide,  and  is  located  just  posterior  to  the  cervical 
groove.  The  cervical  papillae  are  located  just  posterior  to  the  middle  of  the 
oesophagus. 

The  median  lobe  of  the  bursa  is  somewhat  emarginated  in  the  median  plane, 
does  not  protrude,  and  is  separated  by  a shallow  incision  from  each  lateral  lobe. 
The  rays  are  curved.  The  common  trunk  of  the  dorsal  rays  measures  about 
99  ix  long  and  the  branches  are  about  154  /x  long.  From  each  branch  about  58  m 

1 The  numbers  preceding  the  hosts  are  those  of  the  preserved  specimens,  deposit  ed  in 
the  laboratory  of  the  New  York  Zoological  Park. 
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from  the  bifurcation,  a small  external  branch  is  given  off.  It  is  about  37  p long 
and  turns  posteriorly.  The  external  dorsal  ray  measures  about  184  p long  and 
ends  far  from  the  border  of  the  bursa.  The  ventral  rays  are  united  and  end  near 
the  border  of  the  bursa.  From  the  common  trunk  the  externo-lateral  ray  first 
comes  off  and  ends  at  a rather  long  distance  from  the  border  of  the  bursa,  while 
the  medio-  and  postero-lateral  rays,  which  run  parallel,  terminate  at  a short 
distance  from  the  border.  The  spicules  are  subequal,  measuring  1,285  p and 
1,369  n respectively  in  length. 

The  females  vary  in  length  from  12  mm.  to  16  mm.,  and  in  breadth  from 
458  n to  600  p.  The  general  characters  of  the  head  region  are  about  the  same  as 
described  in  the  male.  The  oesophagus  has  the  same  shape,  but  is  slightly 
longer  and  larger.  Its  length  varies  from  685  p to  720  p,  and  its  diameter  varies 
from  75  p at  the  smallest  portion  to  165  p near  the  posterior  end. 

The  body  tapers  gradually  to  the  anus.  The  distance  between  the  vulva 
and  the  anus  is  about  206  p.  The  distance  between  the  anus  and  the  tail  is 
about  200  p.  The  vagina  is  directed  longitudinally,  and  measures  about  200  p 
in  length,  and  about  37  p in  width.  The  combined  length  of  the  muscular  por- 
tions of  the  two  ovijectors,  including  the  sphincters,  is  about  229  n.  The  non- 
muscular  portions  of  the  ovijector  measure  265  p in  length. 

No.  Hosts. 

3011,  Symphalangus  syndactylus,  (black  gibbon). 

3012,  Cynopithecus  niger,  (black  ape). 

3013,  Macaca  irus,  (Java  macaque). 

Oesophagostomum  blanchardi  Railliet  and  Henry  1912. 

Only  males  of  this  species  were  found.  They  vary  in  length  from  15.5  mm. 
to  16.5  mm.,  and  in  breadth  from  529  p to  687  p.  The  cuticle  is  transversely 
striated  at  intervals  of  about  13  p near  the  posterior  end  of  the  oesophagus.  The 
general  shape  of  the  body,  head  papillae,  mouth  collar,  mouth  capsule,  teeth, 
excretory  pore,  cervical  groove,  cervical  papillae  and  nerve  ring,  resembles  O. 
apiostomum,  however,  the  main  distinguishing  character  is  the  presence  of  16 
external  leaf-crown  elements.  The  oesophagus  is  club-shaped  and  varies  in 
length  from  758  p to  934  p,  from  88  p to  97  p minimum  thickness  anteriorly  to 
176  p to  229  p near  the  posterior  end.  The  bursa  is  typical  of  Oesophagostomum. 
The  spicules  are  subequal,  left  1,446  p to  1,537  p,  right  1,449  p to  1,552  p. 

No.  Host. 

3014,  Hylobates  hoolock,  (hoolock  gibbon). 

Oesophagostomum  venulosum  (Rudolphi  1809). 

This  species  is  recorded  from  three  hosts,  all  of  the  family  Cervicae.  The 
males  vary  in  length  from  11  mm.  to  16  mm.,  and  in  breadth  from  335  p to  440 
p.  The  cuticle  is  transversely  striated  at  intervals  of  about  3 p or  4 p at  the 
posterior  end  of  the  oesophagus.  The  general  cephalic  structures  are  typical  of 
Oesophagostomum.  The  external  leaf-crown  consists  of  16  to  18  elements,  and 
the  internal  leaf-crown  twice  as  many.  The  oesophagus  is  club-shaped  and 
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measures  from  829  p to  846  p in  length,  and  from  103  p to  107  p minimum  thick- 
ness anteriorly  to  198  p to  200  p near  the  posterior  end.  The  cervical  papillae 
are  small  and  are  located  just  posterior  to  the  oesophagus.  The  bursa  is  typical 
of  Oesophagostomum.  The  spicules  are  sub-equal,  measuring  from  13  p to  14  p in 
length. 

The  females  vary  in  length  from  11.5  mm.  to  16  mm.  and  in  breadth  from 
423  /x  to  494  /x.  The  general  characters  of  the  head  region  are  similar  to  those  of 
the  male.  The  oesophagus  has  the  same  shape,  but  is  slightly  larger.  Its 
length  is  about  847  p,  and  its  diameter  varies  from  124  p at  the  smallest  portion 
to  237  p near  the  posterior  end.  The  distance  between  the  vulva  and  the  anus 
is  about  135  p,  and  the  tail  measures  about  115  p.  The  vagina  is  directed 
longitudinally,  and  measures  about  516  p in  length.  The  combined  length  of  the 
muscular  portions  of  the  two  ovijectors,  including  the  sphincters,  is  about  248  p. 
The  non-muscular  portions  of  the  ovijector  measure  about  227  p in  length. 
The  ova  are  ovoid  and  measure  about  41  /x  by  86 

No.  Hosts. 

3015,  3016,  Dama  dama  (fallow  deer). 

3017,  Rucervus  duvaucelii,  (Barasingha  deer). 

3018,  Cervus  songaricus,  (Altai  elk). 

This  genus  ( Ancylostoma ) is  represented  by  two  species,  one  from  monkey 
and  one  from  fox.  The  distinguishing  characters  of  the  genus  are  the  number, 
size,  and  shape  of  the  ventral  teeth. 

Ancylostoma  caninum  (Ercolani  1859). 

Only  one  worm,  a female,  of  this  species  was  found.  It  was  about  11  mm. 
long  and  400  p wide.  The  anterior  extremity  of  the  body  was  bent  dorsally. 
The  character  that  clearly  distinguished  this  species  was  the  presence  of  three 
pairs  of  well  developed  ventral  teeth.  The  length  of  the  oesophagus  was  about 
1,100  p.  The  vulva  was  located  in  the  posterior  third  of  the  body  and  the  tail 
was  about  170  p long.  The  ova  measured  74  p to  84  p long  and  48  p to  54  p wide. 

No.  Host. 

3019  Cebus  capucina,  (white-faced  sapajou). 

Ancylostoma  duodenale  (Dubini  1843)  Creplin  1845. 

Only  one  worm,  a male,  of  this  species  was  found.  It  was  7 mm.  long  and 
405  p wide.  The  anterior  extremity  of  the  body  was  bent  dorsally.  The  presence 
of  two  pairs  of  well  developed  ventral  teeth,  and  a rudimentary  inner  pair, 
places  the  species.  The  oesophagus  was  1,100  p long  and  141  p wide.  The 
spicules  were  1,587  p long.  The  dorsal  ray  of  the  bursa  was  divided  near  its 
distal  end,  and  each  branch  subdivided  into  three  unequal  branches. 

No.  Host. 

3020,  Vulpes  zerda,  (fennic  fox). 
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Necator  americanus  (Stiles  1902). 

Only  one  worm,  a female,  was  found  high  up  in  the  ileum.  It  was  about  11 
mm.  long  and  370  m wide.  There  was  a well  developed  mouth  capsule  and  a 
pair  of  ventral  cutting  plates.  The  oesophagus  was  700  p long.  The  vulva  was 
just  anterior  to  the  middle  of  the  body.  The  tail  was  without  a spine.  The  ova 
measured  about  32  p by  55  p. 

No.  Host. 

3021,  Lagothrix  humboldtii,  (woolly  monkey). 

Uncinaria  stenocephala  (Railliet  1884). 

Six  specimens  of  this  species,  two  males  and  four  females,  were  found  in  the 
intestine  of  a silver  fox.  The  males  vary  in  length  from  5.6  mm.  to  8.5  mm.  and 
in  width  from  211  ju  to  229  p.  The  anterior  extremity  of  the  body  was  bent 
dorsally.  The  cuticle  was  smooth  and  transparent,  and  measured  about  6 ^ to 
10  p in  thickness  at  the  base  of  the  oesophagus.  The  buccal  capsule  was  infun- 
dibular with  two  semilunar  ventral  cutting  plates  at  its  oral  margin,  and  in  its 
depth  there  were  two  subventral  lancets.  The  oesophagus  was  club-shaped. 
It  measured  about  706  p to  128  p in  length,  and  from  66  p to  74  p minimum 
thickness,  and  from  124  p to  128  p near  the  posterior  end.  The  nerve  ring 
encircled  it  about  midway.  The  lateral  lobes  of  the  bursa  were  semi-oval. 
The  medio-lateral  ray  was  about  the  same  thickness  as  the  externo-lateral  ray 
and  the  postero-lateral  ray.  The  dorsal  ray  bifurcated  distally,  and  each  branch 
tridigitated.  The  spicules  were  equal  and  measured  from  705  p to  723  ix  in 
length,  and  were  sharply  pointed  at  the  tips. 

The  females  vary  in  length  from  7 mm.  to  7.9  mm.,  and  in  breadth  from 
300  ix  to  335  ix.  The  general  shape  of  the  body  and  head  region  is  the  same  as 
that  of  the  male.  The  oesophagus  varies  in  length  from  793  /x  to  864  /x , and  from 
70  ix  to  78  ix  minimum  thickness  to  about  123  ix  to  169  /x  near  the  posterior  end. 
The  vulva  is  located  about  6 mm.  from  the  anterior  end  of  the  body.  The  tail 
is  from  165  ix  to  185  ix  long,  and  is  terminated  by  a short  spine. 

No.  Host. 

3022,  Vulpes  fulva,  (silver  fox). 

Bunostomum  trigonocephalum  (Rudolphi  1908). 

Only  males  of  this  species  were  found.  They  vary  in  length  from  13.5  mm. 
to  14.5  mm.  and  in  breadth  from  318  ix  to  370  /x.  The  anterior  extremity  of  the 
body  is  bent  dorsally.  The  cuticle  is  finely  striated  transversely.  The  mouth 
is  surrounded  by  six  papillae.  The  buccal  capsule  is  infundibular  with  a long 
dorsal  tooth  projecting  forward.  The  mouth  is  armed  with  two  ventral  cutting 
plates.  The  oesophagus  is  about  846  p long,  and  about  87  p minimum  thickness, 
and  177  p maximum  thickness  near  the  posterior  end. 

The  bursa  is  funnel-shaped,  the  dorsal  lobe  being  shorter  than  the  lateral 
lobes.  The  ventral  and  lateral  rays  rise  from  a long  common  trunk.  The  lateral 
rays  are  long  and  united  at  their  base.  The  externo-lateral  ray  diverges  widely 
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from  the  other  two  lateral  rays,  and  is  curved  ventrally,  while  the  others  are 
curved  dorsally.  The  medio-lateral  ray  is  broader  and  longer  than  the  postero- 
lateral ray.  The  dorsal  ray  is  asymetrically  branched.  The  right  externo- 
dorsal  ray  rises  near  the  root,  while  the  left  is  given  off  further  back.  The  dorsal 
ray  divides,  and  each  branch  subdivides  distally.  The  spicules  are  equal  and 
are  from  670/x  to  700  \x  long,  and  end  in  a sharp  point. 

No.  Host. 

3023,  Antilope  cervicapra,  (blackbuck). 

This  genus  ( Trichostrongylus ) is  represented  by  only  one  species.  The 
specimens  are  retained  for  further  study. 

No.  Host. 

3024,  Lagothrix  humboldtii,  (woolly  monkey). 

Obeliseoides  cuniculi  (Graybill  1923). 

Only  four  specimens  were  found,  one  male  and  three  females.  The  male 
was  10  mm.  long,  and  212  n wide.  The  body  is  attenuated  anteriorly.  The 
cuticle  is  very  finely  striated  transversely  and  marked  by  a prominent  longi- 
tudinal stria.  The  head  bears  three  inconspicuous  lips  and  is  37  /*  broad.  There 
are  no  head  papillae.  The  oesophagus  is  740  n long,  and  90  n wide  near  the 
posterior  end.  The  cervical  papillae  are  about  466  m from  the  anterior  end.  The 
nerve  ring  and  excretory  pore  were  not  observed.  There  is  a pair  of  prebursal 
papillae  present. 

The  bursa  consists  of  two  lateral  and  one  inconspicuous  dorsal  rays.  The 
internal  surface  of  the  lateral  rays,  except  at  the  periphery,  is  covered  with  small 
round  papillae  variable  in  size,  while  the  periphery  is  marked  by  radiating  ridges. 
Each  lateral  lobe  is  supported  by  six  well  developed  rays.  The  ventro-ventral 
ray  is  small  and  originates  from  the  base  of  the  latero-ventral  ray.  The  rest  of 
the  rays  form  the  usual  lateral  system.  The  dorsal  lobe  is  small  and  is  supported 
by  the  dorsal  ray.  The  externo-dorsal  ray  is  small  and  slightly  curved.  The 
dorsal  ray  divides  into  two  branches  and  each  branch  bifurcates.  The  spicules 
are  equal  and  measure  476  n in  length,  and  25  ^ at  the  base,  and  are  cleft  distally. 

The  females  vary  in  length  from  17  mm.  to  18.5  mm.  and  in  breadth  from 
388  n to  405  m-  The  body  is  striated  like  the  male,  and  attenuated  in  both 
directions  from  the  middle,  and  there  is  an  abrupt  reduction  just  posterior  to  the 
vulva.  The  head  and  neck  region  is  like  that  of  the  male  but  somewhat  larger. 
The  head  diameter  is  about  70  /*.  The  oesophagus  is  1,164  ^ long,  and  165  /x 
wide  near  the  posterior  end.  The  nerve  ring  and  cervical  papillae  are  located 
413  fx  and  462  n respectively  from  the  anterior  end.  The  vulva  is  a transverse 
slit  located  about  4 mm.  from  the  posterior  end.  The  vagina  is  short.  The  com- 
bined length  of  the  muscular  ovijectors  is  about  494  ju.  There  are  two  uteri 
entering  the  ovijectors  anteriorly  and  posteriorly.  The  tail  is  pointed,  and  the 
anus  is  about  227  ju  from  the  posterior  end.  The  ova  measure  about  42  ju  by  75  /z. 

No.  Host. 

3025,  Lepus  californicus  melanotis,  (Kansas  jack  rabbit). 
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Nematodirus  sp. 

The  specimens  of  this  genus  were  stored  in  lactophenol,  which  distorted 
them  so  that  the  specific  characters  were  not  clearly  indicated. 

No.  Host. 

3026,  Taurotragus  oryx,  (eland). 

Heligmostrongylus  sedecimradiatus  (Linstow  1899). 

The  males  vary  in  length  from  10  mm.  to  12  mm.  and  in  breadth  from  177  n 
to  206  ju.  The  body  is  long  and  filiform.  The  cuticle  is  very  finely  striated 
transversely,  and  marked  by  prominent  longitudinal  striae,  of  which  the  dorsal 
side  is  extraordinarily  developed,  and  forms  a crest  which  extends  the  entire 
length  of  the  body.  The  head  has  a long  dilated  cuticle  about  82  /x  long.  The 
mouth  is  provided  with  six  punctiform  papillae.  The  oesophagus  is  about  480 
n long  and  33  ix  maximum  width.  The  nerve  ring,  cervical  papillae  and  excre- 
tory pore  were  not  observed. 

The  bursa  is  trilobed.  The  posterior  lobe  is  well  developed  but  not  clearly 
defined.  The  ventral  and  lateral  systems  rise  from  a common  trunk.  The 
ventrals  are  united  at  their  base  and  directed  forward.  The  externo-lateral  ray 
is  broad  and  rises  near  the  base  of  the  ventrals.  The  medio-lateral  ray  is  met  at 
the  anterior  third  by  the  postero-lateral,  which  is  long  and  terminates  near  the 
margin  of  the  lobe.  The  dorsal  system  arises  from  a common  trunk.  The  externo- 
dorsal  ray  originates  near  the  base  and  terminates  a long  distance  from  the  mar- 
gin of  the  lobe.  The  dorsal  ray  divides  early  and  terminates  near  the  margin 
of  the  lobe.  On  the  external  side  there  is  a short  recurved  prong  given  off  about 
mid-way.  The  spicules  are  sub-equal  and  pointed.  They  measure  from  564  ix  . 
to  600  n in  length.  The  gubernaculum  is  present,  but  not  clearly  defined.  The 
genital  cone  is  well  developed. 

The  females  vary  in  length  from  14.5  mm.  to  15  mm.  and  in  breadth  from 
176  ju  to  185  ix.  The  general  head  and  body  characters  are  similar  to  those  of  the 
male.  The  vulva  is  situated  at  the  posterior  end  of  the  body  just  anterior  to  the 
anus,  and  is  greatly  extended.  The  ovijector  and  uterus  are  simple  and  filled 
with  eggs.  The  tail  is  pointed  and  about  48  n long.  The  ova  measure  about  38 
m by  70  ix. 

No.  Host. 

3027,  Cuniculus  paca,  (spotted  cavy). 

Enterobius  sp. 

In  this  genus  only  females  were  found  and  the  determination  of  the  species 
was  deferred  until  more  specimens  can  be  collected. 

No.  Host. 

3028,  Cebus  capucina,  (white-faced  sapajou). 

3029,  Lagothrix  humboldtii,  (woolly  monkey). 

3030,  Ateles  ater,  (spider  monkey). 
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Wellcomia  branickii,  sp.  nov. 

Only  males  of  this  species  were  found.  However,  the  following  description 
seems  to  identify  them  as  new  to  science.  From  a correspondence  received 
from  Dr.  E.  W.  Price,  U.  S.  Department  of  Agriculture,  Washington,  D.  C.,  I 
quote:  “Dr.  Chitwood  has  gone  over  the  specimens  of  nematodes  and  is  of  the 
opinion  that  they  are  Wellcomia  sp.  and  probably  new.” 

The  males  vary  in  length  from  5.468  mm.  to  6.879  mm.  and  in  breadth  from 
546  n to  705  n.  The  body  is  slightly  attenuated  anteriorly,  and  the  posterior  end 
is  curved  ventrally  forming  a figure  six.  (See  fig.  la.)  The  cuticle  is  trans- 
versely striated  at  intervals  of  about  18  /x  at  the  oesophageal  bulb.  There  are 
two  cervical  alae  extending  from  the  head  to  a point  about  the  junction  of  the 
oesophagus  and  the  oesophageal  bulb.  The  excretory  pore,  and  cervical  papillae, 
if  any,  were  not  observed.  There  are  three  inconspicuous  lips,  two  subdorsal 
and  a single  ventral,  and  three  triangular  teeth  projecting  from  a short  vestibule 
or  pharynx.  The  subdorsal  lips  bear  six  papillae,  four  submedian  and  two 
amphids.  The  ventral  lip  bears  no  papillae.  (Fig.  lb.)  The  head  diameter  is 
about  83  m-  The  oesophagus,  exclusive  of  the  bulb,  is  from  470  n to  580  /x  long 
and  is  about  105  /x  wide  at  the  posterior  end.  The  oesophageal  bulb  is  sub- 
spherical,  having  a diameter  of  175  n to  200  ju.  It  is  supplied  with  a tripartite 
chitinized  dental  apparatus.  The  nerve  ring  is  about  the  center  of  the  oesopha- 
gus. 

There  is  a preanal  vesicular  prominence  about  200  /x  long  on  the  ventral 
side  of  the  body.  (Fig.  lc.)  This  structure  is  about  1.25  mm.  from  the  anus. 
Just  posterior  to  this  pad-like  structure  is  a short  section  of  transverse  cuticular 
striations,  followed  by  eight  or  ten  longitudinal  striae,  broken  by  transverse 
striae  at  intervals  of  about  28  /x  to  30  /x.  There  is  another  short  section  of  trans- 
verse cuticular  striations  followed  by  six  or  seven  longitudinal  striae,  traversed 
by  twelve  to  sixteen  transverse  striae,  at  intervals  of  about  30  /x  to  37  n.  There 
is  only  one  spicule  present.  It  is  short  and  curved  ventrally.  It  is  about  335  ix 
long  and  20  /x  thick  at  the  base.  The  gubernaculum  is  flask-shaped  and  meas- 
ures from  41  ^x  to  49  /x  long.  About  75  /x  to  100  /x  behind  the  cloacal  aperture 
the  tail  suddenly  narrows  and  ends  in  a conical  spine  about  75  /x  to  100  n in  length. 
The  number  and  arrangement  of  the  caudal  papillae  were  not  definitely  deter- 
mined; however,  just  before  the  narrowing  of  the  tail,  there  is  a pair  of  highly 
developed  postanal  papillae,  and  at  least  one  pair  of  adanal  papillae  present. 

The  characters  that  distinguish  this  species  from  Wellcomia  evoluta  are  the 
peculiar  arrangement  of  the  six  head  papillae,  three  inconspicuous  lips,  and  the 
length  of  the  spicule,  whereas  Wellcomia  evoluta  has  no  head  papillae,  the  three 
lips  are  large  and  broad,  and  the  spicule  is  short. 

The  type  is  deposited  in  the  laboratory  of  the  New  York  Zoological  Park. 

No.  Host. 

3031,  Dinomys  branickii,  (Branick  rat). 

Wellcomia  evoluta  (Linstow  1899). 

The  males  vary  in  length  from  4.5  mm.  to  5.3  mm.  and  in  width  from  264  n 
to  388  /jl.  The  body  is  stout  and  the  posterior  end  tightly  coiled  ventrally.  The 
cuticle  is  finely  striated  transversely  at  intervals  of  about  8 ix  at  the  oesophageal 
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Fig.  1.  a,  Wellcomia  branickii  sp.  n.  lateral  view  of  the  male,  showing  various  structures 
and  the  relative  positions  of  the  organs,  b,  Wellcomia  branickii  sp.  n.  En  face  view  of  the  male 
head,  the  lip  structures  and  the  peculiar  arrangement  of  the  papillae,  c,  Wellcomia  branickii 
sp.  n.  ventral  view  of  the  tail  of  the  male  showing  the  preanal  vesicular  structure,  longitudinal 
striae,  spicule,  and  caudal  papillae. 
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bulb,  and  also  fine  longitudinal  striae  in  some  specimens.  There  are  two  cervical 
alae  extending  back  less  than  half  the  length  of  the  oesophagus.  The  excretory 
pore  is  just  posterior  to  the  oesophagus.  The  cervical  papillae,  if  any,  were  not 
observed.  There  are  three  large  broad  lips  and  between  them  three  intermediate 
lip  structures  projecting  nearer  to  the  median  longitudinal  axis.  There  is  an 
incised  cuticular  plate  forming  an  anterior  pharyngeal  border  about  the  lips. 
There  are  no  head  papillae.  The  head  diameter  is  about  54  /z.  The  oesophagus 
is  club-shaped,  measuring,  exclusive  of  the  bulb,  from  500  ^ to  529  n long,  and 
about  83  /jl  wide  at  the  posterior  end.  The  oesophageal  bulb  is  separated  by  a 
deep  constriction  from  the  oesophagus,  and  is  subspherical,  128  n to  136  n long, 
and  144  /z  to  148  /z  thick.  It  is  supplied  with  a tripartite  chitinized  dental 
apparatus.  The  nerve  ring  is  located  about  82  /z  from  the  anterior  end  of  the 
oesophagus.  The  intestine  has  at  least  one  anterior  and  one  posterior  local 
dilatation,  and  finally  one  large  colon-like  dilatation,  followed  by  a short  narrow 
tube  to  the  anus. 

About  1 mm.  anterior  to  the  anus  the  cuticle  is  marked  by  6 to  8 prominent 
longitudinal  striae,  and  intercepted  by  narrow  sections  of  fine  transverse  striae 
at  intervals  of  about  100  /z.  There  is  only  one  spicule  present.  It  is  short  and 
curved  ventrally.  It  measures  from  133  n to  161  n long,  and  about  12  n thick 
near  the  middle.  The  gubernaculum  is  flask-shaped  and  is  33  /z  to  39  n long. 
About  91  n behind  the  cloacal  aperture  the  tail  suddenly  narrows  and  ends  in  a 
conical  spine,  about  115  /z  long.  There  are  two  pairs  of  caudal  papillae.  One 
pair  of  well  developed  conical  adanal,  and  just  before  the  narrowing  of  the  tail, 
there  is  a pair  of  postanal  papillae,  which  are  highly  developed  in  the  form  of 
elongated  conical  rays.  There  is  a thin  bursal  membrane  connecting  the  post- 
anal  papillae,  and  extending  anteriorly  to  the  adanal  papillae. 

The  females,  apparently  somewhat  immature,  vary  in  length  from  9 mm. 
to  10  mm.  and  in  breadth  from  476  n to  617  n at  the  vulva.  The  body  terminates 
in  a long  pointed  tail  somewhat  spiraled.  The  cuticle  is  the  same  as  the  male 
except  the  transverse  striae  are  about  14  n apart.  The  excretory  pore  is  between 
the  oesophageal  bulb  and  the  vulva.  The  head  diameter  is  about  75  n,  and  is 
otherwise  the  same  as  the  male.  The  oesophagus  varies  in  length  from  794  n 
to  812  /z  and  is  about  140  n wide  at  the  posterior  end.  The  oesophageal  bulb 
varies  in  length  from  211  n to  229  /z  and  in  width  from  229  n to  247  /z,  and  con- 
tains the  tripartite  chitinized  dental  apparatus.  The  nerve  ring  is  located  about 
140  fj.  from  the  anterior  end  of  the  oesophagus.  The  intestine  is  the  same  as  in  the 
male.  The  anus  is  a circular  aperture  1.76  mm.  to  2 mm.  from  the  tip  of  the  tail. 
The  vulva  is  unique  in  its  character  and  is  situated  about  4 mm.  or  5 mm.  from 
the  anterior  end  of  the  body.  The  distal  portion  of  the  vagina  extends  through 
a cuticular  tube  which  projects  out  from  the  body  of  the  worm,  and  the  vulva  is 
located  on  the  distal  extremity  of  this  tube.  After  entering  the  body  proper 
there  is  a swelling  of  the  vagina,  which  is  somewhat  constricted  near  the  anterior 
end  to  form  an  oval-shaped  seminal  receptaculum.  The  posterior  portion  forms 
an  extended  uterus  which  divides  and  turns  forward  to  form  the  ovaries.  The 
ova  measures  about  28  n by  74  /z. 

No.  Host. 

3032,  Erethizon  dorsatum,  (Canadian  porcupine). 
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Aspidodera  sp . 

Nineteen  specimens  of  this  genus  were  found  in  the  cecum  of  an  armadillo 
from  Brazil.  There  is  a wide  variation  in  the  length  and  shape  of  the  spicules, 
and  these  specimens  are  retained  for  future  study. 

No.  Host. 

3033,  Euphractus  sexcinctus , (armadillo). 

Subulura  distans  (Rudolphi  1809). 

The  males  vary  in  length  from  16  mm.  to  21  mm.  and  in  breadth  from  476 
[a  to  687  n.  The  body  is  slightly  attenuated  anteriorly  and  the  cephalic  extremity 
is  terminal.  The  cuticle  has  both  fine  transverse  and  coarse  longitudinal  striae. 
Both  cervical  papillae  and  alae  are  absent.  The  excretory  pore  is  at  the  anterior 
fourth  of  the  oesophagus.  The  head  has  a diameter  of  about  160  n and  bears  6 
papillae,  3 on  each  side  of  the  mouth  opening,  equidistant  and  arranged  in  a 
straight  line.  The  mouth  opening  is  triangular,  with  the  apex  of  the  triangle 
pointing  ventrally.  The  sides  of  the  triangle  are  reinforced  by  three  cuticular 
plates.  A large  rigid  cuticularised  buccal  cavity,  triangular  in  cross-section, 
and  about  as  deep  as  wide,  is  present.  At  the  base  of  this  cavity  are  three  com- 
plicated teeth  arranged  radially.  The  oesophagus  is  club-shaped,  and  varies  in 
length  from  2 mm.  to  2.5  mm.  and  the  maximum  thickness  near  the  posterior 
end  about  309  The  oesophageal  bulb  is  almost  spherical  and  measures  about 
335  n in  diameter.  The  nerve  ring  is  located  near  the  posterior  end  of  the  oe- 
sophagus. The  intestine  forms  a pear-shaped  swelling  where  it  joins  the  oe- 
sophageal bulb. 

The  tail  is  always  curved  ventrally,  and  sharply  pointed.  A muscular  pre- 
anal  sucker  about  300  m long  is  located  about  1 mm.  from  the  posterior  end  of  the 
body.  There  are  eleven  pairs  of  caudal  papillae  present,  three  pairs  of  preanal, 
two  adanal,  and  six  postanal.  The  preanal  papillae  are  large  and  fleshy.  They 
are  located  one  on  each  side  of  the  sucker,  one  pair  mid-way  between  this  and 
the  anus,  and  the  third  pair  just  anterior  to  the  anus.  The  adanal  papillae  are 
large  and  close  to  each  other.  There  are  two  pairs  of  medium  papillae  located 
just  posterior  to  the  anus,  a short  distance  from  each  other.  At  the  tip  of  the 
tail  are  three  pairs  of  medium  size  papillae.  The  spicules  are  equal  and  filiform 
measuring  from  1.75  mm.  to  2.46  mm.  The  gubernaculum  is  wedge-shaped  and 
is  about  165  ^ long. 

The  females  vary  in  length  from  25  mm.  to  32.5  mm.  and  in  breadth  from 
617  n to  882  ju.  The  general  structures  of  the  anterior  region  of  the  body  are 
similar  to  those  of  the  male  except  they  are  larger.  The  oesophagus  varies  in 
length  from  265  n to  325  m,  and  is  about  230  m wide  at  the  posterior  end.  The 
oesophageal  bulb  has  a diameter  of  about  388  /x.  The  vulva  is  located  just 
anterior  to  the  middle  of  the  body.  It  communicates  with  a long  muscular  ovi- 
jector,  which  terminates  in  a stout  muscular  valve.  This  portion  is  succeeded 
by  a wider,  less  muscular  portion  which  gradually  gives  place  to  the  thin-walled 
uterus.  The  uterus  divides,  and  sub-divides  into  four  branches,  which  fill  the 
entire  body  cavity.  The  anus  is  located  about  2.5  mm.  from  the  end  of  the  long 
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and  pointed  tail.  The  ova  are  large,  thick-shelled,  and  measure  46  n to  63  n long 
and  30  fx  to  33  ju  wide. 


No. 

3034, 

3035, 

3036, 

3037,  3038, 

3039, 

3040,  3041, 
3042,  3043, 

3044, 

3045, 


Hosts. 

Hylobates  hoolock,  (hoolock  gibbon). 
Symphalangus  syndactylus,  (black  gibbon). 
Cercopithecus  cephus,  (moustache  monkey). 
Cercopithecus  sabaeus,  (green  monkey). 
Cercocebus  fuliginosus,  (sooty  mangabey). 
Macaca  irus,  (Java  macaque). 

Macaca  mulatto, , (Rhesus  monkey). 

Macaca  fuscata,  (Japanese  red-faced  monkey). 
Macaca  sylvana,  (Barbara  ape). 


Toxocara  mystax  (Zeder  1800). 


The  males  vary  in  length  from  37  mm.  to  60  mm.  and  in  breadth  from  829 
m to  970  ijl.  The  body  is  rather  slender,  having  the  anterior  end  bent  ventrally. 
The  cuticle  is  transversely  striated  at  intervals  of  about  12  /x.  The  cervical  alae 
are  broad  and  end  somewhat  abruptly  about  one  half  the  length  of  the  oesopha- 
gus. The  excretory  pore  is  located  on  the  anterior  fourth  of  the  oesophagus. 
The  head  has  a diameter  of  about  275  /x,  and  bears  six  fleshy  papillae,  two  on 
each  lip.  The  lip  pulp  contains  two  distinct  lateral  lobes  and  an  unpaired  in- 
ternal lobe.  The  interlabia  are  absent.  The  oesophagus  measures  about  3.23 
mm.  in  length,  and  247  /x  wide  at  the  posterior  end.  The  oesophagus  has  a well- 
developed  posterior  muscular  ventriculus  about  318  /x  long  and  194  ix  wide.  The 
nerve  ring  is  located  in  the  anterior  fourth  of  the  oesophagus. 

The  posterior  end  of  the  body  terminates  somewhat  abruptly,  just  behind 
the  anus,  in  a short  conical  tail  about  114  n long  and  80  ix  thick  at  the  base. 
There  are  26  or  more  pairs  of  caudal  papillae,  6 postanal  and  20  or  more  preanal. 
The  postanal  papillae  are  composed  of  2 subdorsal,  1 lateral,  2 subventral,  and 
1 large  double  papillae  just  behind  the  anus.  The  preanal  papillae  are  small  and 
are  arranged  in  two  long  rows  along  the  ventral  edges  of  the  body.  The  spicules 
are  sub-equal  and  winged.  They  vary  in  length  from  1.85  mm.  to  2.02  mm. 
and  are  about  29  ix  or  30  ix  wide  at  the  base.  A gubernaculum  is  present. 

The  females  vary  in  length  from  48  mm.  to  84  mm.  and  in  breadth  from  822 
ix  to  1,411  ix.  The  cuticle  is  transversely  striated  at  intervals  of  about  15  /x  to 
19  ix.  The  oesophagus  is  about  4.65  mm.  long,  and  305  ix  wide.  The  posterior 
muscular  ventriculus  is  about  300  ix  long  and  264  /x  wide.  The  general  cephalic 
structures  are  similar  to  those  of  the  male.  The  vulva  is  located  in  the  anterior 
fourth  of  the  body,  and  the  vagina  is  directed  backward.  The  uterus  divides  into 
two  tubes,  which  are  filled  with  eggs.  The  body  terminates  rather  abruptly  in  a 
conical  process,  about  670  ix  long,  and  the  base  about  547  /x.  The  eggs  are  al- 
most round  with  a corrugated  shell,  measuring  about  60  ix  by  68  tx. 

No.  Hosts. 

3046,  Fells  tigris,  (tiger). 

3047,  Acinonyx  jabatus,  (cheetah). 
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Toxascaris  leonina  (Linstow  1902). 

The  males  vary  in  length  from  30  mm.  to  48  mm.  and  in  breadth  from  600  p 
to  776  p.  The  body  is  bent  ventrally  at  each  end.  The  cuticle  is  transversely 
striated  at  intervals  of  6 p to  7 p.  The  cervical  alae  are  long  and  narrow,  gradu- 
ally decreasing  in  width  posteriorly.  The  excretory  pore  is  located  on  the  an- 
terior fourth  of  the  oesophagus.  The  head  has  a diameter  of  about  190  p,  and 
bears  six  fleshy  papillae,  two  on  each  lip.  The  labial  pulp  shows  two  anterior 
lobules,  detached  from  the  main  pulp  by  a well-marked  cleft,  and  presenting  a 
shallow  depression  at  their  extremities.  The  interlabia  are  absent.  The  oe- 
sophagus measures  about  3.5  mm.  in  length  and  about  260  p wide  at  the  posterior 
end.  There  is  no  posterior  muscular  ventriculus  present.  The  nerve  ring  is 
located  in  the  anterior  fourth  of  the  oesophagus. 

The  posterior  end  of  the  body  terminates  gradually  into  a fine  point. 
The  tail  is  about  165  p long.  The  caudal  papillae  are  about  the  same  as  described 
for  Toxocara  mystax,  except  there  are  more  preanal  papillae,  25  or  more,  and 
these  are  larger  and  not  so  difficult  to  see.  The  spicules  are  sub-equal  and 
pointed.  They  vary  in  length  from  1.28  mm.  to  1.32  mm.  and  in  width  from 
24  p to  29  p.  As  a rule  they  are  extended.  A gubernaculum  is  absent. 

The  females  vary  in  length  from  40  mm.  to  68  mm.  and  in  breadth  from 
600  p to  970  p.  The  cuticle  is  transversely  striated  at  intervals  of  about  7 p or 
8 p.  The  oesophagus  is  about  4 mm.  long  and  317  p wide.  The  general  cephalic 
structures  are  similar  to  those  of  the  male.  The  vulva  is  located  about  the  junc- 
tion of  the  anterior  and  middle  third  of  the  body.  The  vagina  is  directed  back- 
ward, and  the  uterus  divides  into  two  branches,  which  are  usually  filled  with 
eggs.  The  tail  terminates  in  a conical  process  about  600  p long  and  350  p wide 
at  the  base.  The  eggs  have  a thick  smooth  shell,  about  65  p by  82  p. 

No.  Hosts. 

3048,  Felis  tigris,  (tiger). 

3049,  Acinonyx  jabatus,  (cheetah). 

Toxascaris  transfug  a (Rudolphi  1819). 

The  males  vary  in  length  from  90  mm.  to  130  mm.  and  in  breadth  from  2 
mm.  to  3 mm.  The  body  is  stout,  with  caudal  end  curved  ventrally.  The  cuticle 
is  transversely  striated  at  intervals  of  about  10  p to  12  p.  The  cervical  alae  are 
long  and  narrow  gradually  decreasing  in  width  posteriorly.  The  excretory  pore 
is  located  about  the  center  of  the  oesophagus.  The  head  has  a diameter  of  about 
635  p and  bears  six  fleshy  papillae,  two  on  each  lip.  The  lip-pulp  is  typical  of 
Toxascaris.  The  interlabia  are  absent.  The  oesophagus  measures  about  5.5 
mm.  long,  and  970  p thick  at  the  base.  There  is  no  posterior  muscular  ventricu- 
lus present.  The  nerve  ring  is  located  on  the  anterior  half  of  the  oesophagus. 
The  posterior  end  of  the  body  ends  gradually  in  a fine  point.  The  tail  is  about 
600  p long.  There  are  62  irregular  pairs  of  caudal  papillae  present,  56  preanal 
and  6 postanal.  The  arrangement  of  the  postanal  papillae  is  about  the  same  as 
in  Toxascaris  leonina.  There  are  two  sub-equal  spicules,  stout  and  spine-like, 
about  800  p long.  A gubernaculum  is  absent. 
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The  females  vary  in  length  from  120  mm.  to  225  mm.  and  in  breadth  from 
2 mm.  to  5 mm.  The  body  is  long  and  stout.  The  general  cephalic  characters 
are  similar  to  those  of  the  male.  The  vulva  is  located  in  the  anterior  third  of 
the  body.  The  vagina  is  directed  backward,  about  3 mm.  and  the  uterus  divides 
into  two  branches.  The  body  terminates  gradually  into  a short  cone,  about  1 
mm.  long.  The  eggs  have  a thick  smooth  shell,  about  66  u by  86  au 

No.  Host. 

3050,  Thalarctos  maritimus,  (polar  bear). 

Gongylonema  pulchrum  Molin  1857. 

Only  one  specimen  of  this  species  was  found.  It  was  believed  to  have  been 
correctly  identified  as  G.  pulchrum,  although  it  was  smaller  than  the  descrip- 
tions given  in  the  literature.  It  may  have  been  an  immature  specimen.  No 
detailed  description  will  be  given  here. 

No.  Host. 

3051,  Pithecus  entellus,  (Langur). 

Physaloptera  caucasica  von  Linstow  1902. 

The  characters  of  these  specimens  agree  perfectly  with  descriptions  given 
for  Physaloptera  caucasis,  except  that  there  is  an  extra  pair  of  caudal  papillae, 
which  are  very  small  and  difficult  to  see,  located  between  the  fourth  and  last 
pair  of  papillae.  It  is  believed  that  the  addition  of  this  extra  pair  of  papillae  is 
not  sufficient  evidence  for  the  erection  of  a new  species.  It  is  possible,  how- 
ever, that  this  is  a variation  or  may  have  been  overlooked  in  previous  descrip- 
tions. 

The  males  vary  in  length  from  33  mm.  to  36  mm.  The  body  is  slightly 
attenuated  anteriorly.  The  cuticle,  which  shows  a very  delicate  transverse 
striation,  sometimes  covers  the  lips.  The  cervical  papillae  are  lateral  and  are 
situated  on  the  anterior  fourth  of  the  muscular  portion  of  the  oesophagus.  The 
excretory  pore  opens  ventrally  and  is  located  from  86  to  128  microns  further  back. 
From  the  head  there  are  two  large,  rounded  lateral  lips.  Each  is  surmounted  by 
a large  external  triangular  tooth  and  a single  small  spike-like  median  internal 
tooth.  Near  the  dorsal  and  ventral  edges  of  the  lip  there  is  a bifid  tooth,  lodged 
in  a prominent  elevation  of  the  lip.  Between  these  teeth  and  the  median  tooth, 
slightly  below  the  base  of  the  bifid  teeth,  there  are  irregular  rows  of  small  denti- 
cles. Each  lip  carries  a large  dome-shaped  external  papilla  on  each  submedian 
line.  The  oesophagus  forms  a fraction  over  one-sixth  of  the  total  length  of  the 
body.  The  anterior  one-tenth,  which  is  slightly  thinner  than  the  rest  forms  the 
glandular  part,  and  the  nerve  ring  encircles  it  in  the  posterior  third. 

The  bursa  is  long,  pointed  and  reflexed  ventralwards.  Its  ventral  surface 
is  ornamented  with  small  triangular  spike-like  processes  arranged  longitudinally, 
and  extends  as  far  as  the  sixth  pair  of  postanal  ventral  papillae.  The  four  pairs 
of  stalked  papillae  are  arranged  in  two  groups,  the  anterior  two  pairs  being  pre- 
anal  and  the  posterior  two  pairs  postanal  in  position;  the  first  and  last  pairs  are 
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shorter  than  the  other  two,  and  their  origins  are  slightly  more  ventral.  There 
are  three  preanal  ventral  papillae.  The  center  papilla  is  larger,  and  is  nearer 
the  anus.  The  first  two  pairs  of  postanal  ventral  papillae  are  small  and  are  close 
together,  one  pair  behind  the  other,  near  the  anus;  pairs  3 and  4 are  approxi- 
mated to  each  other,  and  are  situated  at  the  junction  of  the  first  and  second  tail 
thirds;  the  fourth  pair  is  nearer  the  ventral  mid-line  than  the  third  pair.  The 
sixth  pair  is  found  at  the  junction  of  the  last  third.  Between  these  there  is  a 
depression-like  structure  about  25  /x  in  diameter.  Midway  between  the  fourth 
and  sixth  pairs  of  papillae  is  the  fifth  pair,  which  is  very  small.  The  spicules  are 
very  unequal,  the  left  being  long  and  filiform,  measures  from  2 mm.  to  3 mm.  in 
length,  and  from  20  n to  24  n in  breadth.  The  right  spicule  is  short  and  stout, 
measuring  352  ju.  long  and  about  55  ^ wide  at  the  base. 

The  females  vary  in  length  from  36.5  mm.  to  44  mm.  and  in  breadth  from 
847  i u to  1,182  /x.  The  body  is  large  and  stout,  the  anterior  two-thirds  taper 
gradually  towards  the  cephalic  extremity;  the  posterior  one-eighth  tapers  to 
the  end  in  a short  conical  tail.  The  general  cephalic  structures  are  similar  to 
those  of  the  male.  The  vulva  is  situated  on  a slight  elevation  near  the  posterior 
end  of  the  oesophagus.  It  leads  into  a thick-walled  vagina  about  2 mm.  to  3 
mm.  long  and  about  88  m in  diameter;  this  passes  gradually  into  the  egg-chamber, 
which  is  about  4 mm.  long,  and  441  /x  wide.  The  common  trunk  which  follows 
it  is  about  1 mm.  long  and  100  /x  in  diameter.  The  four  uteri  arise  dichotomously, 
the  last  two  branches  about  3 mm.  from  the  first  two,  and  are  twisted  about  each 
other  in  a complicated  manner.  The  eggs  are  oval  and  thick-shelled,  and  vary 
from  33  /x  to  39  /x  by  45  /x  to  51  n. 

No.  Host. 

3052,  Macaca  sylvana,  (Barbara  ape). 

Physaloptera  maxillaris  Molin  1860. 

The  measurements  of  the  spicules  are  somewhat  less  than  the  figures  given 
by  Ortlepp  (1922).  This  is  perhaps  due  to  the  immaturity  of  the  specimens  at 
hand. 

The  males  vary  in  length  from  19  mm.  to  25  mm.  and  in  breadth  from  550  /x 
to  900  i a.  The  body  is  attenuated  from  behind  forwards,  having  their  maximum 
thickness  just  above  the  bursa.  The  cuticle  is  finely  striated  transversely,  and 
is  partly  or  wholly  reflected  over  the  lips.  The  cervical  papillae  are  situated 
about  500  ijl  behind  the  junction  of  the  two  oesophageal  parts,  and  the  excretory 
pore  about  50  ju  further  back.  The  lips  are  rounded  or  slightly  conical;  each  has 
two  terminal  teeth,  a large  triangular  outer  tooth  with  obtuse  tip  slightly  bent 
outwards,  and  an  inner  semimembranous  tooth,  tripartite  at  its  free  end,  and  of 
the  same  size  as  the  outer  tooth.  Two  large  conical  papillae  are  present  on  the 
outer  surface  of  each  lip.  The  oesophagus  is  straight,  and  thickens  gradually 
toward  its  posterior  end.  It  varies  in  length  from  4.2  mm.  to  4.4  mm.  and  in 
width  from  390  /x  to  400  m;  its  anterior  tenth  forms  the  muscular  part,  which  is 
slightly  thinner  than  the  glandular,  and  is  encircled  by  the  nerve  cord  in  its 
posterior  third. 
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The  bursa  is  elongated  and  somewhat  pointed,  and  has  its  caudal  expansion 
well  developed  in  its  middle  portion.  Its  ventral  surface  is  ornamented  by  two 
types  of  cuticular  bosses,  those  in  the  central  area,  above  and  below  the  anus, 
being  rounded,  while  those  on  the  lateral  areas  are  in  the  form  of  much-broken 
ridges.  The  four  circumcloacal  lateral  papillae  are  provided  with  very  long 
stalks,  especially  the  second  and  third  pairs.  There  are  three  small  preanal 
papillae  in  a row  near  the  anus,  and  two  pairs  of  postanal  papillae  also  in  a row 
near  the  anus.  Further  down  the  tail  there  are  three  additional  pairs;  these  are 
equidistant  from  each  other,  the  most  anterior  being  situated  just  behind  the 
level  of  the  last  pair  of  stalked  papillae.  The  spicules  are  slightly  bent  ventral- 
ly.  They  are  unequal  and  the  right  is  about  735  ju  long  and  56  p wide.  The  left 
is  about  973  p long,  and  41  p wide. 

The  females  vary  in  length  from  20  mm.  to  28  mm.  and  in  breadth  from 
839  n to  953  p.  The  body  is  stout,  and  attenuated  only  in  the  anterior  third  and 
tail  regions.  The  general  cephalic  characters  are  similar  to  those  of  the  male. 
The  vulva  is  slightly  protuberant,  and  located  just  posterior  to  the  base  of  the 
oesophagus.  The  vagina  is  long  and  varies  in  length  from  2 mm.  to  3 mm.  and 
about  86  n wide.  There  is  an  elongated  egg-chamber  followed  by  a short  com- 
mon duct  of  the  two  uteri.  The  tail  is  rounded,  and  measures  about  425  p long. 
The  ova  are  oval  and  thick-shelled,  and  measure  about  31  p by  45  p. 

No.  Host. 

3053,  Mephitis  mephitis,  (Canadian  skunk). 

Physaloptera  torresi  (Travassos  1920). 

The  males  vary  in  length  from  38  mm.  to  48  mm.  and  in  breadth  from  1 
mm.  to  2 mm.  The  body  is  stout  and  attenuated  anteriorly.  The  cuticle  is 
finely  striated  transversely,  and  is  partially  or  wholly  reflected  over  the  lips.  The 
cervical  papillae  are  situated  about  the  level  of  the  junction  of  the  two  oesopha- 
geal parts,  and  the  excretory  pore  about  265  p further  back.  There  are  two  sub- 
triangular  lips,  each  with  four  external  papillae,  and  one  apical  and  median 
papilla.  There  are  three  teeth  present  on  the  tip  of  each  lip,  the  median  being 
larger  and  more  internal  in  position  than  the  other  two;  it  is  about  17  p in  length. 
The  oesophagus  is  claviform,  6 mm.  to  8 mm.  in  length  and  582  p to  688  p wide; 
its  muscular  part  is  up  to  767  p long. 

The  bursa  has  well  developed  alae.  There  are  four  pairs  of  lateral  circum- 
cloacal pedunculated  papillae.  There  are  three  sessile  papillae  in  front  of  the 
anus  and  two  pairs  of  sessile  papillae  in  a row  immediately  behind  the  anus; 
three  further  pairs  are  equidistant  from  each  other  in  the  anterior  half  of  the  tail. 
The  spicules  are  subequal  and  weakly  chitinized;  they  vary  in  length  from  500  p 
to  882  p.  The  anus  is  about  3 mm.  from  the  caudal  extremity. 

The  females  vary  in  length  from  70  mm.  to  100  mm.  and  in  breadth  from 
2 mm.  to  2.5  mm.  The  body  is  long  and  stout.  The  general  cephalic  characters 
are  similar  to  those  of  the  male.  The  vulva  is  located  about  midway  down  the 
oesophagus.  There  is  a long  vagina,  about  3 mm.,  which  widens  to  form  the 
egg-chamber.  This  organ  gives  rise  directly  to  the  uteri,  which  vary  in  number 
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from  nine  to  eleven.  The  eggs  are  oval,  thick  shelled,  and  measure  about  28  n 
by  42  ijl.  The  anus  is  about  1 mm.  from  the  posterior  extremity. 

No.  Hosts. 

3054,  3055,  Cuniculus  paca,  (spotted  cavy). 

3056,  Dasyprocta  agouti , (golden  agouti). 

Physaloptera  sp. 

A small  number  of  hosts  carried  members  of  this  genus  in  their  stomachs. 
The  specimens  that  were  stored  in  lactophenol  became  so  deteriorated  that 
specific  characters  were  uncertain. 

No.  Hosts. 

3057,  Hylobates  hoolock,  (hoolock  gibbon). 

3058,  Symphalangus  syndactylus,  (black  gibbon). 

3059,  Cercopithecus  sabaeus,  (green  monkey). 

3060,  3061,  Cebus  capucina,  (Sapajou  monkey). 

Dipetalonema  gracile  (Rudolphi  1809). 

The  males  vary  in  length  from  80  mm.  to  95  mm.  and  in  breadth  from  352 
ix  to  388  ix.  The  body  is  filiform  and  tapers  toward  each  extremity.  The  pos- 
terior region  of  the  tail  is  spirally  rolled.  The  cuticle  appears  to  be  smooth,  but 
may  sometimes  show  transverse  striations  near  the  caudal  extremity.  The  head 
has  a diameter  of  about  90  ix,  and  the  mouth  consists  of  a chitinous  ring,  with 
three  lip-like  processes.  Boulenger  (1920)  gives  six  head  papillae,  Yorke  and  Ma- 
plestone  (1926)  figures  only  six,  van  Thiel  (1926)  states  that  there  are  five  small 
papillae,  not  mentioned  by  previous  authors.  This  would  make  a total  of  eleven 
head  papillae.  I have  been  able  to  determine  only  ten,  five  on  each  end  of  the 
rectangular  prominence  around  the  mouth  opening.  The  anterior  muscular 
part  of  the  oesophagus  is  about  511  ix  long,  and  the  posterior  glandular  part  is 
about  3,352  ix  long,  making  a total  of  about  3,863  ix.  The  nerve  ring  encircles 
it  about  260  ix  from  the  anterior  extremity. 

There  are  three  or  four  pairs  of  ventral  preanal  papillae  near  the  anus.  Just 
posterior  to  the  anus  is  a pair  of  postanal  papillae.  There  is  also  a small  group 
of  postanal  papillae  near  the  tip  of  the  tail,  two  pairs  of  lateral,  and  two  single 
ventrals,  one  midway  between  the  laterals,  and  one  just  anterior  to  them.  There 
are  two  very  unequal  spicules.  The  left  spicule  is  about  1.03  mm.  long  and  about 
12  ix  broad  at  its  base.  It  consists  of  an  anterior  tubular  region  about  301  m 
long,  followed  by  a long  thin  terminal  region.  The  right  spicule  measures  about 
270  ix  and  about  12  ix  wide  at  the  base.  It  also  has  the  shape  of  a tube,  and  ter- 
minates in  a membranous  hooked  extremity.  The  gubernaculum  is  about  16  ix 
long.  The  anal  opening  is  about  238  ix  from  the  posterior  extremity. 

The  females  vary  in  length  from  160  mm.  to  217  mm.  and  in  breadth  from 
564  /x  to  600  ix.  The  body  is  long  and  filiform.  The  head  and  general  cephalic 
characters  are  similar  to  those  of  the  male.  The  anterior  muscular  part  of  the 
oesophagus  is  about  556  /i  long,  and  the  posterior  glandular  part  is  about  3 mm. 
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long,  making  a total  of  about  3.556  mm.  The  vulva  is  situated  about  1.15  mm. 
from  the  anterior  extremity  of  the  body.  The  vagina  is  long  and  directed  pos- 
teriorly. It  has  a length  of  about  8 mm.  Near  the  caudal  region  there  is  a pair 
of  elongated  appendages,  about  30  /jl  from  the  end  of  the  body.  The  anus  is 
about  630  ju  from  the  posterior  extremity  of  the  body.  The  worms  are  ovovi- 
viparous,  having  thin-shelled  eggs  about  17  ju  by  22  n,  and  microfilariae  near  the 
vulva. 


No. 

3062,  3063, 

3064, 

3065, 

3066, 


Hosts. 

Cebus  apella,  (weeper  sapajou  monkey). 

Cebus  capucina,  (white-faced  sapajou  monkey). 
Lagothrix  humboldtii,  (woolly  monkey). 

Ateles  ater,  (spider  monkey). 
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I.  Introduction. 

As  a part  of  the  program  outlined  for  parasitological  research 
at  the  Animal  Hospital  Laboratory  of  the  New  York  Zoological 
Park,  the  writer  has  undertaken  a systematic  study  of  the  nematode 
parasites  collected  from  mammals  at  autopsy  during  the  year.  In 
most  cases  a detailed  description  of  the  species  is  given,  and  in  a 
few  cases  where  identification  was  doubtful  the  abbreviation  sp. 
follows  the  genus.  Of  these  doubtful  specimens  the  genus  Trichuris 
affords  a detailed  comparative  study  of  species  collected  from  ten 
or  more  species  of  hosts.  While  the  specimens  Strongylus  sp.  from 
the  Equus  zebra,  (Hartmann’s  mountain  zebra)  may  be  equinus, 
variations  of  the  species,  or  a mixed  infection  was  not  determined. 
The  specimens  Trichostrongylus  sp.  from  Lemur  variegalus,  (black- 
white  lemur)  were  first  described  as  new.  They  are  now  in  the  hands 
of  Dr.  G.  Dikmans,  U.  S.  Department  of  Agriculture,  Washington, 
D.  C.  for  verification.  If  these  specimens  prove  to  be  new,  the 
description  with  figures  will  be  published  in  full  in  another  paper. 
The  genus  Enterobius  was  found  in  various  monkeys,  but  only 
females  were  obtained,  and  for  this  reason  a study  of  the  group  has 
not  been  possible.  A small  number  of  Toxocara  sp.  was  obtained 
from  foxes,  but  no  definite  conclusions  were  made.  A species  of 
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Physaloptera  from  Vulpes  velox,  (swift  or  kit  fox)  from  New  Mexico 
appears  to  be  new,  however,  to  create  a new  species  to  the  already 
much  confused  genus,  does  not  seem  advisable  at  this  time. 

The  technique  and  methods  of  procedure  are  the  same  as  those 
described  previously  by  McClure  (1932). 

In  Part  III.  the  systematic  arrangement  of  the  hosts  is  that 
adopted  by  Flower  (1929).  The  scientific  and  trade  names,  to- 
gether with  the  dates  of  arrival  and  death  are  given,  and  the  time  in 
captivity  may  be  ascertained.  The  number,  name,  with  the  loca- 
tion within  the  host,  of  each  parasite  is  given. 

In  Part  IV.  the  zoological  order  of  the  nematodes  is  adopted 
from  Yorke  and  Maplestone  (1926),  and  the  species  are  listed 
alphabetically.  The  species  previously  described,  McClure  (1932) 
will  only  be  listed,  whereas  species  new  to  our  collection  will  be 
briefly  described.  In  all  cases  the  species  will  be  followed  by  a list 
of  the  hosts  from  which  the  nematodes  were  collected. 

1 1 . Acknowledgments. 

Grateful  acknowledgments  are  due  the  New  York  Zoological 
Society  for  the  publication;  Dr.  Charles  V.  Noback,  Park  Veterin- 
arian, for  the  material;  Dr.  B.  G.  Chitwood  and  Dr.  G.  Dikmans, 
U.  S.  Department  of  Agriculture,  Washington,  D.  C.  for  the  ex- 
amination and  helpful  suggestions  in  the  description  of  various 
species;  and  Dr.  Horace  W.  Stunkard,  New  York  University,  for 
assisting  in  the  preparation  of  the  manuscript. 

III.  Synoptic  List  of  Mammals  from  which  Nematode 
Parasites  were  Collected. 

order  primates. 

Family  Cercopithecidae. 

Cercopithecus  albogularis,  (Sykes’  monkey)  arrived  6/9/31;  died  7/7/31. 

50  Trichostrongylus  sp.  intestine. 

1 Enter obius  sp.  intestine. 

Cercopithecus  campbelli , (Campbell’s  guenon)  arrived  1/21/31;  died  7/27/31. 

1 Trichuris  sp.  cecum. 

3 Oesophagostomum  apiostomum,  intestine. 

3 Enterobius  sp.  intestine. 

15  Subulura  distans,  cecum. 

1 Physaloptera  sp.  stomach. 
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Cercopithecus  nigrigenis,  (black  guenon)  arrived  6/4/31;  died  7/13/31. 

4 Trichuris  sp.  intestine. 

32  Subulura  distans,  cecum. 

Cercopithecus  nictitans,  (white-nosed  monkey)  arrived  9/11/31;  died  10/3/31. 

6 Trichuris  sp.  cecum. 

Cercopithecus  nictitans,  (white-nosed  monkey)  arrived  9/11/31;  died  12/5/31. 
22  Trichuris  sp.  cecum. 

Cercopithecus  sabaeus,  (green  monkey)  arrived  10/12/29;  died  3/30/31. 

4 Trichuris  sp.  cecum. 

327  Subulura  distans,  cecum. 

1 Physaloptera  sp.  stomach. 

Cercopithecus  sabaeus,  (green  monkey)  arrived  9/12/29;  died  8/19/31. 

Many  Subulura  distans,  cecum. 

Cercopithecus  sabaeus,  (green  monkey)  arrived  4/25/29;  died  11/23/31. 

35  Subulura  distans,  cecum. 

Cercopithecus  sabaeus,  (green  monkey)  arrived  9/18/28;  died  12/10/31. 

12  Subulura  distans,  cecum. 

Macaca  irus,  (Java  macaque)  arrived  8/6/29;  died  6/24/31. 

44  Subulura  distans,  cecum. 

Macaca  irus , (Java  macaque)  arrived  12/1/28;  died  7/17/31. 

16  Subulura  distans,  cecum. 

Macaca  mulatta,  (Rhesus  monkey)  arrived  2/8/29;  died  12/11/31. 

35  Subulura  distans,  cecum. 

Macaca  mulatta,  (Rhesus  monkey)  arrived  3/6/30;  died  12/11/31. 

11  Subulura  distans,  cecum. 

Macaca  maurus,  (black  macaque)  arrived  10/29/30;  died  7/16/31. 

20  Oesophagostomum  apiostomum  (nodules)  intestine. 

Cynopithecus  niger,  (“black  ape”)  arrived  9/23/29;  died  7/10/31. 

1 Ternidens  deminutus,  intestine. 

26  Subulura  distans,  cecum. 

Family  Cebidae. 

Lagothrix  humboldtii,  (woolly  monkey)  arrived  6/10/29;  died  11/10/31. 

7 Enter obius  sp.  intestine. 

1 Physaloptera  sp.  (larva)  stomach. 

Ateles  ater,  (spider  monkey)  arrived  9/20/29;  died  9/2/31. 

16  Physaloptera  multiuteri,  stomach. 

Ateles  ater,  (spider  monkey)  arrived  9/20/29;  died  10/16/31. 

14  Physaloptera  multiuteri,  stomach. 

Ateles  ater,  (spider  monkey)  arrived  9/20/29;  died  10/20/31. 

5 Physaloptera  multiuteri,  stomach. 

Ateles  ater,  (spider  monkey)  arrived  11/8/29;  died  10/28/31. 

2 Physaloptera  multiuteri,  stomach. 

Ateles  ater,  (spider  monkey)  arrived  9/20/29;  died  12/3/31. 

4 Physaloptera  multiuteri,  stomach. 
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Family  Lemuridae. 

Lemur  variegatus,  (black-white  lemur)  arrived  4/5/30;  died  9/11/31. 
36  Trichostrongylus  sp.  intestine. 

ORDER  CARNIVORA. 

Family  Felidae. 

Felis  leo,  (lion)  arrived  9/24/29;  died  8/10/31. 

115  Toxascaris  leonina,  intestine. 

Fells  tlgrls,  (Bengal  tiger)  arrived  6/19/30;  died  1/24/31. 

6 Toxascaris  leonina,  intestine. 

Fells  onca,  (jaguar)  arrived  6/8/31;  died  7/24/31. 

2 Ancylostoma  pluridentatum,  intestine. 

1 Toxocara  mystax,  intestine. 

Fells  concolor,  (puma)  arrived  7/3/31;  died  7/14/31. 

25  Ancylostroma  pluridentatum,  intestine. 

1 Toxocara  mystax,  intestine. 

Fells  pardalis,  (ocelot)  arrived  12/22/30;  died  1/17/31. 

8 Ancylostoma  braziliense,  intestine. 

1 Ancylostoma  caninum,  intestine. 

Fells  yaguarondi,  (Jaguarondi  cat)  arrived  4/6/31;  died  5/3/31. 

9 Ancylostoma  pluridentatum,  intestine. 

Family  Canidae. 

Vulpes  velox,  (swift  or  kit  fox)  arrived  8/25/31;  died  8/25/31. 

1 Toxocara  sp.  intestine. 

15  Physaloptera  sp.  stomach. 

Vulpes  zerda,  (fennec  fox)  arrived  6/20/31;  died  6/30/31. 

1 Ancylostoma  caninum,  intestine. 

1 Ancylostoma  braziliense,  intestine. 

6 Uncinaria  stenocephala,  intestine. 

3 Physaloptera  sp.  stomach. 

Vulpes  zerda,  (fennec  fox)  arrived  6/20/31;  died  7/4/31. 

5 Toxascaris  sp.  intestine. 

Family  Procyonidae. 

Potos  flavus,  (kinkajou)  arrived  2/18/31;  died  11/2/31. 

1 Physaloptera  sp.  stomach. 

Procyon  lotor,  (raccoon)  arrived  9/3/23;  died  12/1/3 i. 

10  Ascarls  columnaris,  intestine. 

ORDER  RODENTIA. 

Family  Castoridae. 

Castor  canadensis,  (Canadian  beaver)  arrived  7/11/29;  died  7/1/31. 
34  Travassosius  americanus,  intestine. 
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Family  Muridae. 

Cricetomys  gambianus,  (pouched  rat)  arrived  10/7/30;  died  12/3/31. 

7 Heterakis  dahomensis,  intestine. 

Family  Erethizontidae. 

Erethizon  dorsatum,  (Canadian  porcupine)  arrived  4/25/31;  died  5/12/31. 

Many  Wellcomia  evoluta,  intestine. 

Coendou  prehensilis,  (prehensile-tailed  porcupine)  arrived  4/30/31;  died  5/7/31. 

6 Ancylostoma  pluridentatum,  intestine. 

ORDER  PERISSODACTYLA. 

Family  Equidae. 

Equus  grevyi,  (Grevy’s  zebra)  arrived  8/15/30;  died  8/10/31. 

Many  Parascaris  equorum,  intestine. 

Equus  zebra,  (Hartmann’s  mountain  zebra)  arrived  11/4/30;  died  4/26/31. 

25  Strongylus  sp.  intestine. 

4 Strongylus  sp.  (nodules)  intestine. 

Many  Dictyocaulus  arnfieldi,  lungs. 

1 Parascaris  equorum,  intestine. 

Equus  burchellii  chapmanni,  (Chapman’s  zebra)  arrived  5/30/27;  died  8/20/31. 
Many  Parascaris  equorum,  intestine. 

ORDER  ARTIODACTYLA. 

Family  Bovidae. 

Bison  bison,  (American  bison)  arrived  12/10/21;  died  9/13/31. 

3 Setaria  labiato-papillosa,  body  cavity. 

Bison  bison,  (American  bison)  arrived  9/23/26;  died  10/29/31. 

1 Setaria  labiato-papillosa,  body  cavity. 

Oryx  beisa,  (fringe-eared  beisa)  arrived  7/16/14;  died  1/7/31. 

26  Trichuris  sp.  cecum. 

1 Oxyuroidea  sp.  intestine. 

IV.  Synoptic  List  of  Nematode  Parasites. 

Superfamily  Trichuroidea  Railliet  1916. 

Family  Trichuridae  Railliet  1915. 

Subfamily  Trichurinae  Ransom  1911. 

Trichuris  sp 35 

Superfamily  Strongyloidea  Weinland  1853;  Hall  1916. 

Family  Strongylidae  Baird  1853. 

Subfamily  Strongylinae  Railliet  1893. 


Strongylus  sp 
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Subfamily  Oesophagostominae  Railliet  1915. 

Oesophagostomum  apiostomum  (Willach  1891) 35 

Ternidens  deminutus  (Railliet  and  Henry  1905) 36 

Family  Ancylostomidae  (Looss  1905)  Lane  1917. 

Subfamily  Ancylostominae  (Looss  1905)  Stephens  1916. 

Ancylostoma  braziliense  de  Faria  1910 36 

Ancylostoma  caninum  (Ercolani  1859) 37 

Ancylostoma  pluridentatum  (Alessandrini  1905) 37 

Subfamily  Necatorinae  Lane  1917. 

Uncinaria  stenocephala  (Railliet  1884) 38 

Family  Trichostrongylidae  Leiper  1912. 

Subfamily  Trichostrongylinae  Leiper  1908. 

Trichostrongylus  sp 38 

Travassosius  americanus  Chapin  1925 38 

Family  Metastrongylidae  Leiper  1908. 

Subfamily  Metastrongylinae  Leiper  1908. 

Dictyocaulus  arnfieldi  (Cobbold  1884) 39 

Superfamily  Oxyuroidea  Railliet  1916. 

Family  Oxyuridae  Cobbold  1864. 

Subfamily  Oxyurinae  Hall  1916. 

Enterobius  sp 40 

Subfamily  Syphaciinae  Railliet  1916. 

Wellcomia  evoluta  (Linstow  1899) 40 

Family  Heterakidae  Railliet  and  Henry  1914. 

Subfamily  Heterakinae  Railliet  and  Henry  1912. 

Heterakis  dahomensis  Gendre  1911 40 

Family  Subuluridae  Yorke  and  Maplestone  1926. 

Subfamily  Subulurinae  Travassos  1914. 

Subulura  distans  (Rudolphi  1809) 42 

Superfamily  Ascaroidea  Railliet  and  Henry  1915. 

Family  Ascaridae  Baird  1853. 

Subfamily  Ascarinae  (Railliet  and  Henry  1912)  Travassos  1913. 

Ascaris  columnaris  (Leidy  1856) 42 

Toxocara  mystax  (Zeder  1800) 43 

Toxocara  sp 43 
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Toxascaris  sp 43 

Toxascaris  leonina  (Linstow  1902) 43 

Parascaris  equorum  (Goeze  1782) 43 


Superfamily  Spiruroidea  Railliet  and  Henry  1915. 


Family  Physalopteridae  Leiper  1908. 
Subfamily  Physalopterinae  Railliet  1893. 


Physaloptera  multiuteri  Canavan  1929  . 44 

Physaloptera  sp 45 


Superfamily  Filarioidea  Weinland  1858;  Stiles  1907. 

Family  Filariidae  (Cobbold  1864)  Claus  1885. 

Subfamily  Setariinae  Yorke  and  Maplestone  1926. 

Setaria  labiato-papillosa  (Aless.  1838) 45 


Trichuris  sp. 

The  specimens  representing  the  genus  Trichuris  are  retained  for  further 
consideration. 


No.1 

311, 

312, 

313,  314, 

315, 

316, 


Hosts. 

Cercopithecus  campbelli , (Campbell’s  guenon). 
Cercopithecus  nigrigenis , (black  guenon). 
Cercopithecus  nictitans,  (white-nosed  monkey). 
Cercopithecus  sabaeus,  (green  monkey). 

Oryx  beisa,  (fringe-eared  beisa). 


Strongylus  sp. 

Specimens  of  the  genus  Strongylus  from  a zebra  were  found  to  belong  to 
two  or  more  species.  Some  specimens  contained  two  dorsal  and  two  sub- 
ventral  teeth  at  the  base  of  the  buccal  capsule,  while  others  had  only  two 
rounded  teeth.  In  some  cases  the  elements  of  the  external  leaf-crown  appeared 
doubled  or  bifid,  while  in  others  it  appeared  fringed.  Until  the  writer  can 
obtain  access  to  Looss’  famous  monograph  on  the  “ Sclerostomes  of  the  Equidae,” 
it  is  thought  advisable  to  retain  these  specimens  for  further  study. 

No.  Host. 

317,  Equus  zebra,  (Hartmann’s  mountain  zebra). 


Oesophagostomum  apiostomum  (Willach  1891). 

A detailed  description  of  this  species  may  be  found  on  page  10,  McClure 
(1932). 

No.  Hosts. 

318,  Cercopithecus  campbelli,  (Campbell’s  guenon). 

319,  Macaca  maurus,  (black  macaque). 


1 The  numbers  preceding  the  hosts  are  those  of  the  preserved  specimens,  deposited  in  the 
Animal  Hospital  Laboratory  of  the  New  York  Zoological  Park 


36 


Zoologica:  N.  Y.  Zoological  Society 


[XV;  2 


Ternidens  deminutus  (Railliet  and  Henry  1905). 

Only  one  specimen,  a male,  of  this  species  was  found,  and  a detailed  de- 
scription will  be  deferred  until  more  material  is  available,  however,  the  following 
gross  description  will  be  given. 

Its  length  is  8.5  mm.,  and  its  width  530  p.  A transverse  cervical  groove  is 
present.  The  buccal  capsule  is  subglobular  in  shape.  The  oesophageal  funnel 
is  dilated  and  contains  three  teeth,  each  consisting  of  two  lamellae,  projecting 
into  the  buccal  capsule.  The  oesophagus  is  club-like,  and  measures  829  p.  long 
and  247  p wide  near  the  posterior  end.  The  bursa  formula  is  as  in  oesophago- 
stomum.  The  spicules  are  equal  and  measure  1.2  mm.  in  length. 

No.  Host. 

3110,  Cynopithecus  niger,  (“black  ape”). 

Ancylostoma  braziliense  de  Faria  1910. 

The  males  vary  in  length  from  6.5  mm.  to  7.7  mm.  and  in  breadth  from 
246  p to  300  n maximum  thickness.  The  cuticle  is  transversely  striated  at 
intervales  of  about  5 p at  the  posterior  end  of  the  oesophagus.  The  cervical 
papillae  are  located  about  454  p from  the  anterior  end  of  the  body.  The  head 
is  bent  dorsally  and  contains  one  pair  of  large  ventral  teeth  and  one  rudimentary 
inner  pair.  There  is  no  dorsal  teeth  present.  The  buccal  capsule  is  about 
103  n wide.  The  oesophagus  varies  from  635  p to  688  p long,  and  from  124  p 
to  148  p wide  near  the  posterior  end.  The  nerve  ring  encircles  the  oesophagus 
about  320  p from  the  anterior  end. 

The  bursa  is  well  developed  and  supported  by  the  ventral  and  dorsal 
systems  of  rays.  The  lateral  system  is  composed  of  two  ventral  and  three 
lateral  rays.  The  ventro-ventral  and  latro-ventral  rays  appear  united  half 
their  entire  length,  are  equal,  measuring  about  115.6  p long.  The  latro-ventral 
ray  is  slightly  broader  than  the  ventro-ventral.  Their  tips  extend  within  a 
short  distance  from  the  margin  of  the  bursa.  The  lateral  system  is  clef  equally. 
The  externo-lateral  ray  is  about  123  p long.,  divergent,  and  terminates  quite  a 
distance  from  the  margin  of  the  bursa.  The  medio-lateral  and  postero-lateral 
rays  lie  close  together  and  parallel.  The  postero-lateral  is  slightly  longer  and 
terminates  near  the  margin  of  the  bursa.  The  dorsal  system  is  composed  of 
the  dorsal  and  extern o-dorsal  rays.  The  externo-dorsal  rays  are  about  157  p 
long  and  are  given  off  from  the  dorsal  ray  about  62  p from  the  base.  They 
terminate  within  20  p of  the  border  of  the  lateral  lobes.  The  dorsal  lobe  con- 
tinues about  103  p and  bifurcates.  About  12  p further  a lateral  branch  appears 
bifurcated  distally.  Their  ends  terminate  near  the  border  of  the  small  dorsal 
lobe.  The  spicules  are  apparently  equal  in  length,  and  measure  about  817  p 
long,  and  about  8 p wide  at  the  base.  The  gubernaculum  measures  about  66  p 
long,  and  10  p wide.  The  prebursal  papillae  are  located  about  309  p from  the 
posterior  margin  of  the  lateral  lobe. 

The  females  vary  in  length  from  7.7  mm.  to  8.8  mm.,  and  in  width  from 
265  p to  335  p.  The  cuticle  is  transversely  striated  at  intervals  of  about  8 p 
at  the  posterior  end  of  the  oesophagus.  The  cervical  papillae  are  located  about 
644  p from  the  anterior  end  of  the  body.  The  arrangement  of  the  teeth  and 
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general  cephalic  structures  are  similar  to  those  of  the  male.  The  buccal  capsule 
is  approximately  95  \x  wide.  The  oesophagus  varies  in  length  from  794  /x  to 
829  ix  in  length  and  from  132  /x  to  165  ix  in  width  near  the  posterior  end.  The 
nerve  ring  is  about  310  /x  from  the  anterior  end  of  the  oesophagus,  and  just 
anterior  to  the  cervical  papillae. 

The  vulva  is  located  in  the  last  third  of  the  body.  The  tail  is  from  157  ix 
to  187  ix  long  and  from  91  ix  to  103  /x  wide.  It  is  gradually  attenuated  and  ends 
in  a slender  bristle  about  25  m long. 

No.  Hosts. 

3111,  Felis  pardalis,  ( ocelot). 

3112,  Vulpes  zerda,  (fennec  fox). 

Ancylostoma  caninum  (Ercolani  1859). 

Only  two  specimens,  females,  of  this  species  were  found.  Until  more 
specimens  may  be  obtained  no  detailed  description  will  be  given,  however,  on 
page  12  McClure,  (1932),  a brief  description  of  the  female,  based  upon  one 
specimen  may  be  found. 

No.  Hosts. 

3113,  Felis  pardalis,  (ocelot). 

3114,  Vulpes  zerda,  (fennec  fox). 

Ancylostoma  pluridentatum  (Alessandrini  1905). 

The  males  vary  in  length  from  7 mm.  to  8 mm.  and  in  breadth  from  300  ix 
to  350  ix  just  in  front  of  the  bursa.  The  cuticle  is  transversely  striated  at  inter- 
vales of  about  5.6  n at  the  posterior  end  of  the  oesophagus.  The  cervical 
papillae  are  located  about  617  n from  the  anterior  end  of  the  body.  The  head 
is  bent  dorsally  and  contains  two  pairs  of  teeth,  one  pair  very  much  reduced, 
in  the  anterior  and  ventral  portions  of  the  mouth  capsule,  and  three  small 
teeth  on  each  side  of  the  dorsal  wall  of  the  mouth.  The  buccal  capsule  is  from 
124  ix  to  145  n wide.  The  oesophagus  is  about  750  n long  and  160  /*  maximum 
width.  The  nerve  ring  is  about  265  n from  the  anterior  end  of  the  body. 

The  bursa  is  well  developed  and  supported  by  the  ventral  and  dorsal  rays. 
The  lateral  system  is  composed  of  two  ventral  and  three  lateral  rays.  The 
ventro-ventral  and  latro-ventral  rays  are  given  off  somewhat  dorsally  and 
appear  united  for  more  than  half  their  entire  length.  The  former  measures 
about  160  fx  in  length  while  the  latter  is  about  153  n long.  The  latro-ventral 
ray  is  slightly  wider  than  the  ventro-ventral  ray,  and  their  tips  extend  within  a 
short  distance  from  the  margin  of  the  bursa.  The  externo-lateral  ray  is  rather 
small,  measures  about  908  n long  and  terminates  quite  a distance  from  the 
margin  of  the  bursa.  The  medio-lateral  and  postero-lateral  rays  are  large  and 
parallel.  They  terminate  near  the  posterior  margin  of  the  lateral  lobes  of  the 
bursa.  The  dorsal  system  is  composed  of  the  dorsal  and  externo-dorsal  rays. 
The  externo-dorsal  rays  are  about  268  /x  long,  and  are  given  off  near  the  base  of 
the  dorsal  ray,  which  terminates  quite  a distance  from  the  border  of  the  lateral 
lobes.  About  138  /x  from  the  junction  of  the  externo-dorsal  ray  the  dorsal  ray 
bifurcates  and  each  branch  tridigitates.  Their  ends  terminate  at  the  border  of 
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the  small  dorsal  lobe.  The  spicules  are  long  and  slender.  They  measure  from 
1.2  mm.  to  1.3  mm.  long,  and  about  5 /x  wide  just  posterior  to  the  enlarged  base. 
The  gubernaculum  is  short,  about  70  m long  and  16  ix  wide  at  the  broadest  point. 
The  prebursal  papillae  are  located  about  570  ^ from  the  posterior  margin  of 
the  lateral  lobes.  There  appears  to  be  a grandular  structure  on  each  side  of 
the  anal  opening. 

The  females  vary  in  length  from  8.3  mm.  to  11  mm.  and  in  breadth  from 
352  jx  to  360  ix.  The  cuticle  is  transversely  striated  at  intervales  of  about  6.8  n 
at  the  posterior  end  of  the  oesophagus.  The  cervical  papillae  are  located 
about  582  ix  from  the  anterior  end  of  the  body.  The  arrangement  of  the  teeth 
and  general  cephalic  structures  are  similar  to  those  of  the  male.  The  diameter 
of  the  buccal  capsule  is  approximately  165  /x . The  oesophagus  varies  in  length 
from  776  /x  to  811  /x  and  in  width  from  194  ix  to  211  /x . The  nerve  ring  is  anterior 
to  the  cervical  papillae. 

The  vulva  is  located  in  the  posterior  third.  In  a specimen  8.3  mm.  long  the 
vulva  was  2.7  mm.  from  the  posterior  end.  The  tail  is  from  128  /x  to  148  /x 
long  and  from  82  /x  to  94  ix  wide  at  the  base.  It  is  gradually  attenuated  and  ends 
in  a slender  bristle  from  15  /x  to  28  ix  long. 

No.  Hosts. 

3115,  Felis  concolor,  (puma). 

3116,  Felis  onca,  (jaguar). 

3117,  Felis  yaguarondi,  (jaguarondi  cat). 

3118,  Coendou  prehensilis,  (prehensile-tailed  porcupine). 

Uncinaria  stenocephala  (Railliet  1884). 

A detailed  description  of  this  species  may  be  found  on  page  13,  McClure 
(1932). 

No.  Host. 

3119,  Vulpes  zerda,  (fennec  fox). 

Trichostrongylus  sp. 

This  genus  is  represented  by  at  least  one  species.  The  specimens  are 
retained  for  further  study. 

No.  Hosts. 

3120,  Lemur  variegatus,  (black-white  lemur). 

3121,  Cercopithecus  albogularis  (Sykes’  monkey). 

Travassosius  americanus  Chapin,  1925. 

The  description  given  here  varies  in  some  respects  to  that  given  by  Chapin, 
1925,  however,  the  writer  feels  certain  the  specimens  belong  to  the  species 
Travassosius  americanus. 

The  males  vary  in  length  from  8.8  mm.  to  12.9  mm.  and  in  breadth  from 
176  ix  to  201  ix-  The  body  is  straight,  filiform  and  attenuated  anteriorly.  The 
cuticle  is  transversely  striated  anteriorly  and  contains  at  least  28  longitudinal 
striae  around  the  circumference  of  the  body.  The  excretory  pore  is  located 
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about  290  /z  from  the  anterior  end.  The  cervical  papillae  are  large,  conical 
and  directed  caudad.  They  vary  greatly  in  position  from  421  /x  to  553  /x,  from 
the  anterior  end  of  the  body.  The  head  is  without  well-developed  lips  or  head 
papillae.  Its  diameter  is  about  29  /x.  There  is  no  buccal  capsule.  The 
oesophagus  varies  in  length  from  547  /z  to  617  ac.  Its  width  at  the  anterior  end 
is  about  33  /z  and  the  posterior  end  is  about  66  /x  wide.  The  nerve  ring  encircles 
it  about  256  n from  the  anterior  end. 

The  bursa  is  closed  all  around,  with  no  distinct  dorsal  lobes.  The  ventro- 
ventral  ray  is  very  small,  horizontal,  and  widely  separated  from  the  latro- 
ventral  ray.  The  laterals  and  ventro-ventral  rays  rise  from  a common  trunk. 
The  tip  of  the  latro-ventral  is  directed  anteriorly.  The  lateral  rays  are  approxi- 
mately equal  in  thickness,  the  medio-lateral  is  straight,  while  the  tip  of  the 
dorso-lateral  is  directed  dorsally.  The  externo-dorsal  ray  rises  from  the  base 
of  the  dorsal  ray.  It  is  thick  and  ends  near  the  margin  of  the  bursa.  The 
dorsal  ray  is  thin  and  bifurcates  about  80  /z  from  the  base.  Each  branch  is 
about  27  /z  long,  and  bifurcates  at  the  margin  of  the  bursa.  The  prebursal 
papillae  are  located  about  63  ix  anterior  to  the  bursa.  There  are  two  hollow 
spicules,  equal  in  length,  varying  from  157  n to  186  ju-  The  cephalic  end  is 
cup-like;  a groove  runs  along  the  ventral  side;  near  the  caudal  end  are  two 
spur-like  projections;  and  the  caudal  end  is  rounded  or  knob-like.  The  genital 
cone  is  prominent,  and  a large  papillae  is  on  each  side  of  the  cloaca.  There  is 
no  gubernaculum  present. 

The  females  vary  in  length  from  11  mm.  to  15  mm.  and  in  breadth  from 
180  n to  211  fi.  The  body  is  straight,  filiform,  and  attenuated  both  anteriorly 
and  posteriorly.  The  excretory  pore  varies  in  position  from  269  /x  to  300  n, 
while  the  cervical  papillae  varies  from  392  /z  to  466  n from  the  anterior  extremity. 
The  cuticle  and  general  cephalic  structures  are  similar  to  those  described  for 
the  male.  The  head  diameter  is  about  29  /z.  The  oesophagus  is  about  617  /z 
long,  24  ix  wide  at  the  anterior  end  and  about  72  /z  wide  near  the  posterior  end. 
The  nerve  ring  is  located  about  290  /x  from  the  anterior  end. 

The  vulva  is  located  about  3.5  mm.  from  the  posterior  end  of  the  body. 
The  vagina  is  short.  The  combined  length  of  the  ovijector  including  the  two 
sphincters  is  about  953  /z.  The  uteri  run  in  either  direction.  The  tail  ends 
abruptly  without  a spine,  it  measures  about  326  /z  long  and  62  ix  wide  at  the 
anus.  The  ova  measure  48.7  ^ by  83  n an  average  of  10. 

No.  Host. 

3122,  Castor  canadensis,  (Canadian  beaver). 

Dictyocaulus  arnfieldi  (Cobbold,  1884). 

The  males  vary  in  length  from  32  mm.  to  38  mm.  and  in  breadth  from  353  /z 
to  388  ac.  The  body  is  long  and  filiform.  The  cuticle  is  marked  by  both 
transverse  and  longitudinal  striae.  The  excretory  pore  is  located  about  456  n 
from  the  anterior  end  of  the  body.  There  are  no  cervical  papillae  present. 
The  head  diameter  is  about  74  /x.  No  head  papillae  were  observed.  The 
mouth  cavity  is  simple  and  opens  directly  into  the  oesophagus,  which  is  about 
741  ix  long,  74  /z  wide  at  the  anterior  end,  and  128  /z  wide  near  the  posterior  end. 
The  nerve  ring  is  located  about  293  /z  from  the  anterior  end. 
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The  lobes  of  the  bursa  are  not  distinct.  The  rays  are  bluntly  pointed  and 
never  reach  the  margin  of  the  bursa.  The  ventro-ventral  and  latro-ventral 
rays  are  united  for  half  their  length,  and  are  directed  anteriorly.  The  lateral 
rays  rise  from  a common  trunk,  the  externo-lateral  is  given  off  first.  The 
medio-lateral  and  dorso-lateral  rays  are  fused  for  a greater  part  of  their  length. 
The  externo-dorsal  rays  rise  near  the  base  of  the  dorsal  ray,  and  are  long, 
slender,  and  has  an  enlarged  extremity.  The  dorsal  ray  is  stout  and  bifurcates 
about  half  way  down  its  main  stem,  and  each  branch  terminates  in  an  enlarge- 
ment but  never  branches.  The  spicules  are  large,  somewhat  club-shaped  and 
closely  applied  to  each  other.  They  are  about  239  n long,  and  have  a honey- 
comb structure.  The  gubernaculum,  if  present,  is  very  rudimentary.  There 
are  no  prebursal  papillae  present. 

The  females  vary  in  length  from  50  mm.  to  70  mm.  and  in  breadth  from 
423  m to  441  ix.  The  excretory  pore  is  located  about  457  n from  the  anterior 
end  of  the  body.  The  shape,  cuticle,  and  general  cephalic  characters  are 
similar  to  those  described  for  the  male.  The  head  diameter  is  about  82  /x. 
The  oesophagus  is  about  806  /x  long,  83  /x  wide  at  the  anterior  end,  and  143  ix 
wide  near  the  posterior  end.  The  nerve  ring  is  located  about  300  ix  from  the 
anterior  end  of  the  oesophagus. 

The  vulva  is  located  just  anterior  to  the  middle  of  the  body.  The  vagina 
is  short  and  leads  directly  into  the  ovijectors,  which  measure  including  the  two 
sphincters  about  2.24  mm.  long.  The  tail  is  pointed,  about  344  ix  long  and  92  ix 
wide  at  the  base.  Two  small  caudal  papillae  are  located  about  157  p from  the 
posterior  end,  but  never  project  through  the  cuticle.  The  eggs  are  ovoid, 
measuring  47  p by  99.5  p,  an  average  of  10.  They  contain  a living  embryo 
when  deposited. 

No.  Host. 

3123,  Equus  zebra  (Hartmann’s  mountain  zebra). 

Enterobius  sp. 

In  this  genus  only  females  were  found  and  the  determination  of  the  species 
was  deferred  until  more  specimens  can  be  obtained. 

No.  Hosts. 

3124,  Cercopithecus  campbelli,  (Campbell’s  guenon). 

3125,  Cercopithecus  albogularis,  (Sykes’  monkey). 

3126,  Lagothrix  humboldtii,  (woolly  monkey). 

Wellcomia  evoluta  (Linstow  1899). 

A brief  description  of  this  species  may  be  found  on  page  16,  McClure 
(1932),  however,  head  papillae  have  been  observed  and  other  slight  modification 
of  the  description  may  follow  later. 

No.  Host. 

3127,  Erethizon  dorsatum,  (Canadian  porcupine). 

Heterakis  dahomensis  Gendre  1911. 

This  species  is  regarded  by  Hall,  (1915)  as  a synonym  of  H.  spumosa 
Schneider  (1866),  and  may  be  properly  regarded  as  such.  Gendre  (1911) 
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and  Boulenger  (1923),  however,  regard  the  specimens  from  Cricetomys  gambianus 
as  a distinct  species.  Yorke  and  Maplestone  (1926)  list  it  as  such.  In  many 
respects  it  resembles  H.  spumosa  so  closely  that  the  writer  is  in  some  doubt 
whether  or  not  the  specimens  are  properly  placed.  Nevertheless,  until  further 
comparisons  can  be  made,  these  specimens  will  be  labeled  Heterakis  dahomensis 
Gendre  1911. 

Only  two  males  were  present,  they  measured  9.7  mm.  and  11.5  mm.  in 
length,  and  476  n and  494  /x  in  breadth.  Their  bodies  were  slightly  attenuated 
anteriorly  and  the  cuticle  showed  both  longitudinal  and  transverse  striations, 
the  latter  about  4 ix  apart.  The  lateral  cuticular  membrane  originates  on  each 
side  about  63  /x  from  the  anterior  end  of  the  body,  and  attains  its  maximum 
breadth  near  the  posterior  end  of  the  oesophagus,  then  narrows  slightly  and 
extends  into  the  caudal  region.  The  excretory  pore  is  located  from  475  n 
to  512  n,  while  the  cervical  papillae  are  located  from  582  n to  600  /x  from  the 
anterior  end  of  the  body.  The  head  diameter  is  approximately  85  /x . There 
are  three  distinct  lips,  each  bearing  two  lateral  papillae.  No  median  papilla 
was  observed.  The  mouth  cavity  is  followed  immediately  by  the  oesophagus 
which  varies  in  length  from  .985  mm.  to  1.05  mm.  including  the  oesophageal 
bulb.  The  oesophageal  bulb  is  about  176  ^ wide  and  cannot  be  easily  distin- 
guished from  the  oesophagus.  The  nerve  ring  encircles  the  oesophagus  about 
340  n from  the  anterior  end. 

There  is  a well  developed  bursa  originating  from  900  /x  to  970  /x  from  the 
tip  of  the  tail.  There  appears  to  be  three  pairs  of  distinct  lateral  lobes  and  one 
well  defined  dorsal  lobe.  About  600  n to  617  /x  from  the  caudal  end,  located 
on  a well  developed  muscular  stand,  is  a powerful  pedunculated  sucker.  It 
has  a strong  chitinous  investment  interrupted  on  the  posterior  border  by  a 
papilliform  elevation.  The  sucker  is  elliptical,  having  a transverse  diameter 
from  83  /x  to  103  n,  and  a longitudinal  diameter  from  103  ju  to  116  /x.  In  this 
vicinity  are  two  pairs  of  stalked  ventral  papillae.  In  the  largest  specimen  the 
most  anterior  pair  originates  about  12  /x  anterior  to  the  sucker,  and  is  about 
153  ix  apart.  The  posterior  pair  originates  opposite  the  sucker  and  are  about 
124  ix  apart.  These  structures  support  the  first  lobes  of  the  bursa.  The  second 
lobe  is  supported  by  three  pairs  of  laterally  situated  papillae,  the  first  pair 
being  preanal  and  the  largest.  The  second  pair  is  adanal  and  the  shortest. 
The  third  pair  is  postanal  and  is  longer  than  the  second  pair.  It  marks  the 
end  of  the  second  lobe.  The  anal  opening  is  located  from  355  ix  to  363  ix  from 
the  end  of  the  tail.  There  are  two  pairs  of  ventral  sessile  papillae  located  on 
each  side  of  the  anal  opening.  The  third  lobe  is  not  supported  by  papillae. 
The  dorsal  lobe  is  supported  by  the  tail,  which  is  long  and  pointed,  and  three 
pairs  of  papillae.  The  first  pair  is  the  thinnest  and  very  difficult  to  see;  the 
second  pair  the  thickest;  and  the  third  pair  intermediate  in  thickness.  The 
spicules  are  subequal  and  vary  in  length  from  353  /x  to  375  ix. 

The  females  vary  in  length  from  10.5  mm.  to  12  mm.  and  from  485  /x  to 
529  ix  maximum  thickness.  The  body  is  slightly  attenuated  in  both  directions, 
reaching  its  maximum  thickness  about  the  middle.  The  striations,  lateral 
cuticle  membranes,  and  general  cephalic  structures  are  similar  to  those  of  the 
male.  The  excretory  pore  is  located  from  441  /x  to  547  /x , while  the  cervical 
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papillae  are  located  from  494  p to  617  p from  the  anterior  end  of  the  body,  but 
always  behind  the  excretory  pore.  The  oesophagus  varies  in  length  from  .88  mm. 
to  1 mm.  including  the  oesophageal  bulb.  The  bulb  varies  in  width  from  176  p 
to  211  fi.  The  nerve  ring  encircles  it  about  352  p from  the  anterior  end. 

The  vulva  is  a transverse  slit  with  prominent  lips  situated  about  the  middle 
of  the  body,  usually  in  the  anterior  half.  On  each  side  of  the  lips  there  is  one 
or  more  cuticular  prominence.  The  tail  is  pointed  and  measures  from  .97  mm. 
to  1 mm.  long  and  194  p to  211  p wide  at  the  base.  The  ova  are  mamillated 
and  measure  49.9  p by  75.5  p,  an  average  of  ten. 

No.  Host. 

3128,  Cricetomys  gambianus,  (pouched  rat). 

Subulura  distans  (Rudolphi  1809). 

A brief  description  of  this  species  may  be  found  on  page  19  McClure  (1932). 


No. 

Hosts. 

3129, 

Cercopithecus  campbelli,  (Campbell’s  guenon) 

3130, 

Cercopithecus  nigrigenis,  (black  guenon). 

3131,  3132,  3133,  3134, 

Cercopithecus  sabaeus,  (green  monkey). 

3135,  3136, 

Macaca  irus,  (Java  macaque). 

3137,  3138, 

Macaca  mulatto,,  (Rhesus  monkey). 

3139, 

Cynopithecus  niger,  (“black  ape”). 

Ascaris  columnaris  (Leidy  1856). 

There  was  only  one  male  present  and  it  had  been  cut  at  autopsy,  however, 
the  posterior  end  measured  43  mm.  in  length  and  1.5  mm.  in  width.  The  body 
was  slender  and  terminated  in  a conical  tail  without  caudal  alae. 

There  are  at  least  46  caudal  papillae  and  one  unpaired  caudal  papilla 
present.  The  41  pairs  of  preanal  papillae  are  irregularly  distributed  in  two 
subventral  slightly  divergent  rows,  the  most  anterior  ones  difficult  to  see.  The 
one  unpaired  papilla  is  rather  large  and  located  just  anterior  to  the  anal  opening. 
There  are  no  adanal  papillae.  The  five  pairs  of  postanal  papillae  are  distributed 
as  follows:  one  pair  of  double  papillae  just  posterior  to  the  anus;  four  pairs  in  a 
group  near  the  tip  of  the  tail,  the  first,  (or  second  pair  of  preanal  papillae)  is 
large  and  doubled,  while  the  others  are  smaller  and  single,  the  most  caudal  pair 
being  about  82  p from  the  end  of  the  tail.  The  spicules  are  equal,  non-alate, 
tubular  and  relatively  short  and  stout.  They  measure  about  476  p in  length 
and  53  p in  width  at  their  base.  The  anal  opening  is  crescent-like  and  measures 
145  p wide.  There  are  two  slightly  raised  roughened  pads  present,  anterior  and 
posterior  to  the  anus.  The  tail  terminates  in  a small  “spike”  and  is  about 
406  p long  and  529  p wide  at  the  base.  This  “spike”  projects  through  the 
cuticle,  which  is  slightly  swollen  in  this  region. 

The  females  vary  in  length  from  60  mm.  to  90  mm.  and  in  breadth  from 
1 mm.  to  1.5  mm.  The  body  is  long  and  slender  and  tapers  toward  both  ends. 
The  cuticle  is  loosely  connected  and  lies  in  irregular  folds  on  the  body.  It  is 
striated  transversely  at  intervales  of  about  6 p.  The  excretory  pore  is  located 
about  1 mm.  from  the  anterior  end  of  the  body.  There  are  three  well  devel- 
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oped  hexagonal  lips,  with  no  interlabia  present.  The  head  diameter  is  about 
476  fjL.  The  lip  pulp  contains  two  distinct  anterior  lobes  each  slightly  bifurcated 
distally.  On  the  dorsal  lip  the  pulp  has  two  additional  lateral  elongations, 
while  the  sub-ventrals  have  one  each,  which  forms  the  base  of  the  papillae. 
The  lips  bear  four  papillae,  two  on  the  dorsal,  and  one  each  on  the  sub-ventral 
lips.  Each  papilla  appears  doubled  in  form,  one  large  and  dome-like,  while  the 
other  small  and  projects  from  the  side  of  the  large  papilla.  The  muscular 
oesophagus  varies  in  length  from  3 mm.  to  3.3  mm.  and  in  width  from  476  /x 
to  617  n at  the  posterior  end.  The  nerve  ring  is  located  about  476  ^ from  the 
anterior  end. 

The  vulva  is  a transverse  slit,  located  25  mm.  to  30  mm.  from  the  anterior 
end.  The  vagina  is  about  2.5  mm.  long  and  247  /x  wide  near  the  vulva.  The 
two  uteri  are  fused  for  a distance  of  about  1.2  mm.  The  tail  is  conical  about 
700  m long  and  441  /x  wide,  and  terminates  in  a spike  similar  to  that  in  the  male. 
There  are  no  preanal  papillae  present.  The  ova  are  finely  mamillated  and 
measure  13.6  ix  by  17.7  /x , an  average  of  ten  enteruteri. 

No.  Host. 

3140,  Procyon  lotor,  (raccoon). 

Toxocara  mystax  (Zeder  1800). 

A brief  description  of  this  species  may  be  found  on  page  20  McClure  (1932). 

No.  Hosts. 

3141,  Felis  onca,  (jaguar). 

3142,  Felis  concolor,  (puma). 

Toxocara  sp. 

No.  Hosts. 

3143,  Vulpes  velox,  (swift  or  kit  fox). 

Toxascaris  sp. 

No.  Host. 

3144,  Vulpes  zerda,  (fennec  fox). 

Toxascaris  leonina  (Linstow  1902). 

For  the  description  of  this  species  see  page  21  McClure  (1932). 

No.  Hosts. 

3145,  Felis  leo,  (lion). 

3146,  Felis  tigris,  (Bengal  tiger). 

Parascaris  equorum  (Goeze  1782)  Yorke  and  Maplestone  1926. 

The  males  vary  in  length  from  150  mm.  to  190  mm.  and  in  breadth  from 
3 mm.  to  4.5  mm.  The  body  is  long  and  stout.  It  tapers  in  both  directions. 
The  cuticle  is  striated  transversely  at  intervals  of  about  10  /x  near  the  anterior 
end.  There  are  three  large  quadrangular  lips,  with  rudimentary  interlabia. 
Each  lip  has  a well-marked  anterior  lobe  separated  from  the  base  by  a deep 
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transverse  groove  on  the  inner  surface.  The  peripheral  margin  of  the  lips  is 
transparent  and  bordered  by  dentigerous  ridges.  A deep  longitudinal  fissure 
divides  the  pulp  into  two  anterior  lobes.  The  dorsal  lip  bears  two  large  double 
papillae  and  each  subventral  lip  one  large  double  papilla.  The  oesophagus 
measures  in  length  up  to  12  mm.  and  about  1 mm.  wide  at  the  anterior  end, 
and  1.5  mm.  at  the  posterior  end.  The  nerve  ring  is  located  about  2.5  mm. 
from  the  anterior  end  of  the  oesophagus. 

The  posterior  extremity  is  bluntly  conical  and  somewhat  ventrally  curved. 
There  are  small  caudal  alae  present.  There  are  numerous  preanal  papillae 
arranged  in  three  longitudinal  subventral  rows  on  each  side;  one  large  unpaired 
preanal  papilla  located  just  anterior  to  the  anus;  and  7 pairs,  three  double  and 
one  single  postanal  papillae  present.  There  are  no  adanal  papillae.  The 
spicules  are  sub-equal  being  about  3.3  mm.  and  3.5  mm.  in  length  and  about 
141  n wide  at  the  base.  The  anus  is  located  about  1 mm.  from  the  posterior  end. 

The  females  vary  in  length  from  230  mm.  to  280  mm.  and  in  breadth  from 
5 mm.  to  7 mm.  The  general  cephalic  structures  are  similar  to  those  of  the 
male.  The  oesophagus  measures  up  to  14  mm.  in  length,  and  about  3 mm.  wide. 
In  a specimen  155  mm.  long  the  vulva  was  located  75  mm.  from  the  an- 
terior extremity.  There  is  a short  vagina  about  7 mm.  long  and  529  p wide. 
The  uteri  are  doubled  for  a short  distance,  and  then  divides  into  two  thick  uteri. 
The  anus  is  located  about  2.75  mm.  from  the  posterior  extremity.  The  ova 
are  round,  with  finely  pitted  shells,  and  measure  from  78  p to  87  p in  diameter. 

No.  Hosts. 

3147,  Equus  grevyi,  (Grevy’s  zebra). 

3148,  Equus  zebra,  (Hartmann’s  mountain  zebra). 

3149,  Equus  burchellii  chapmanni,  (Chapman’s  zebra). 

Physaloptera  multiuteri  Canavan  1929. 

The  specimens  are  somewhat  larger  than  those  described  by  Canavan  in 
1929,  which  perhaps  accounts  for  the  differences  in  size  of  various  organs. 
It  must  be  also  noted  that  there  may  be  as  many  as  fifteen  uteri,  but  in  general 
it  appears  that  the  usual  number  is  fourteen.  Otherwise  the  description 
given  corresponds  to  that  given  by  Canavan  for  the  type  specimens. 

The  males  vary  in  length  from  30  mm.  to  55  mm.  and  in  breadth  from  1.5 
mm.  to  2 mm.  The  body  is  stout  and  reaches  its  maximum  breadth  just 
anterior  to  the  bursa,  and  is  slightly  attenuated  anteriorly.  The  cuticle  [shows 
a very  delicate  transverse  striation,  and  is  loosely  attached  to  the  body.  It  is 
reflected  over  the  base  of  the  lips.  The  cervical  papillae  are  lateral  and  situated 
on  the  glandular  portion  of  the  oesophagus  from  1.3  mm.  to  1.37  mm.  from  the 
anterior  end  of  the  body.  The  excretory  pore  is  about  200  p further  back  as  a 
rule,  but  may  exceed  250  p in  the  largest  specimens.  From  the  head  there  are 
two  large  sub-triangular  lateral  lips,  each  surmounted  by  a large  external 
truncated  tooth,  and  a tripartite  inner  tooth  somewhat  shorter  in  length  and 
semi-membranous.  There  are  no  additional  teeth.  Each  lip  carries  a sub- 
dorsal and  a subventral  dome-like  papillae.  The  oesophagus  varies  in  length 
from  6.5  mm.  to  8.3  mm.  The  muscular  portion  varies  in  length  from  700  p 
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to  970  n,  and  in  width  from  247  /z  to  317  ^ at  the  posterior  end.  The  glandular 
part  varies  from  5.5  mm.  to  7.7  mm.,  and  in  width  from  776  /z  to  846  ^ near 
the  posterior  end.  The  nerve  ring  encircles  the  muscular  portion  of  the  oesoph- 
agus in  the  posterior  third. 

The  caudal  alae  are  not  sharply  defined.  Its  ventral  surface  is  covered 
with  longitudinal  rows  of  tubercles  which  extend  on  the  sides  to  the  last  pair  of 
papillae.  There  are  10  pairs  of  caudal  papillae  and  one  pre-cloaca  unpaired. 
Four  short,  costiform  pairs  support  the  alae  and  are  equally  spaced  around  the 
cloaca.  There  are  three  sessile  papillae  in  a line  immediately  anterior  to  the 
cloaca  of  which  the  middle  unpaired  one  is  slightly  larger.  There  are  two  pairs 
of  sessile  papillae,  not  in  a row,  immediately  caudad  of  the  cloaca.  Three 
sessile  pairs  are  equally  spaced  further  back,  the  last  pair  being  just  beyond 
half  the  distance  from  the  cloaca  and  the  end  of  the  tail.  The  cloaca  is  located 
about  2.3  mm.  from  the  tip  of  the  tail.  There  are  two  short  unequal  spicules 
bluntly  pointed.  The  right  is  0.88  mm.  in  length  and  95  m wide  at  its  base; 
the  left  1 mm.  long  and  somewhat  thinner.  Their  origins  are  widely  separated. 

The  females  vary  in  length  from  70  mm.  to  90  mm.  and  in  breadth  from 
2.5  mm.  to  3 mm.  The  body  is  stout  and  slightly  attenuated  anteriorly.  The 
cuticle  is  striated  transversely,  and  has  many  irregular  folds  along  the  body. 
The  general  cephalic  structures  are  similar  to  those  of  the  male.  The  oesopha- 
gus is  about  10  mm.  long  and  the  muscular  portion  about  1 mm.  long. 

The  vulva  is  flush  with  the  cuticle  and  opens  in  front  of  the  mid-oesophageal 
region  from  4 mm.  to  4.5  mm.  from  the  anterior  end.  The  vagina  is  long  and 
terminates  into  a club-like  egg-sac.  The  transition  is  not  sharply  defined,  and 
the  combined  length  varies  from  4.1  mm.  to  5.8  mm.  The  vagina  is  about 
176  ij.  wide  near  the  vulva.  The  egg-sac  varies  in  width  from  0.62  mm.  to  1 mm. 
From  it  14  to  15  uteri  are  given  off,  they  are  twisted  and  terminate  in  the  ovaries. 
Their  width  is  approximately  158  ^ at  the  base.  The  tail  is  about  2 mm.  long. 
The  ova  measure  about  27.2  /z  by  41.3  n,  an  average  of  10,  and  contain  fully 
developed  embryo  in  the  vagina. 

No.  Hosts. 

3150,  3151,  3152,  3153,  3154,  Ateles  ater,  (spider  monkey). 

Physaloptera  sp. 

For  various  reasons  the  following  specimens  are  listed  as  sp. 

No.  Hosts. 

3155,  Cercopithecus  campbelli,  (Campbell’s  guenon). 

3156,  Cercopithecus  sabaeus,  (green  monkey). 

3157,  Lagoihrix  humboldtii,  (woolly  monkey). 

3158,  3159,  Vulpes  velox,  (swift  or  kit  fox). 

3160,  Vulpes  zerda,  (fennec  fox). 

3161,  Potos  flavus,  (kinkajou). 

Setaria  labiato-papillosa  (Alles.  1838). 

Only  two  males  were  found.  The  characters  check  with  those  given  for 
Setaria  labiato-papillosa,  except  for  the  preanal  vesicular  structure  and  the 
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length  of  the  left  spicule  which  is  given  as  0.26  mm.  to  0.27  mm.  Baylis, 
(1929),  and  0.33  mm.  to  0.37  mm.  Boulenger,  (1920).  However,  I was  only 
able  to  examine  one  left  spicule  and  found  it  to  be  662  /*,  which  could  easily  be 
a variation. 

The  males  are  about  50  mm.  long,  and  438  / u wide.  The  body  is  filiform 
and  tapers  toward  each  extremity.  The  cuticle  appears  smooth.  The  head 
is  rounded  and  not  separated  from  the  rest  of  the  body.  Its  diameter  is  about 
142  ju.  There  is  a prominent  prebuccal  ring  present.  It  is  much  elongated 
dorso-ventrally  and  deeply  notched  laterally  to  give  the  appearance  of  strong 
dorsal  and  ventral  teeth;  however,  these  are  not  true  teeth.  The  mouth  is  oval 
or  round,  and  the  cavity  is  triangular  in  form.  There  are  6 head  papillae; 
4 well-developed  submedian,  and  2 small  laterals,  sometimes  inconspicuous. 
The  oesophagus  is  about  8.3  mm.  long,  the  anterior  muscular  part  is  about  794  ju 
long  and  70  ix  wide;  and  the  posterior  glandular  part  is  about  7.5  mm.  long 
and  247  /x  maximum  thickness  near  the  middle.  The  nerve  ring  is  located  about 
247  p.  from  the  anterior  end  of  the  oesophagus. 

The  posterior  extremity  is  somewhat  spirally  rolled  and  without  caudal 
alae.  There  are  9 distinct  pairs  of  caudal  papillae;  4 preanal,  1 lateral,  and  4 
postanal.  There  is  a crescent-like  structure  just  anterior  to  the  anus,  which 
appears  to  be  3 indistinct  median  papillae,  however,  this  may  be  only  a preanal 
vesicular  structure.  Of  the  postanal  papillae  the  third  pair  is  the  smallest. 
A pair  of  lateral  appendages  is  located  about  50  /x  from  the  end  of  the  tail.  The 
tail  is  about  200  /*  long,  and  95  n at  its  base  and  ends  in  a terminal  knob.  The 
spicules  are  very  unequal,  the  left  in  one  specimen  measuring  about  662  fx  long, 
consisting  of  a long  cylindrical  anterior  region  followed  by  a much  shorter 
terminal  region  which  is  largely  membranous.  The  right  spicule  is  about 
91  /x  long.  It  is  stout,  slightly  curved  and  terminates  in  a sharp  point. 

The  females  are  about  105  mm.  long,  and  776  /x  wide.  The  cuticle  and 
general  cephalic  characters  are  similar  to  those  described  for  the  male.  The 
head  diameter  is  about  206  /x.  The  oesophagus  is  about  10.584  mm.  long;  the 
anterior  muscular  part  about  970  n long  and  123  fx  wide;  and  the  posterior 
glandular  part  is  about  9.613  mm.  long  and  265  /x  wide  near  the  middle. 

The  vulva  is  located  from  453  /x  to  564  /x  from  the  anterior  end  of  the  body. 
The  vagina  is  coiled  near  the  vulva,  and  measures  about  6.4  mm.  long  and  70  n 
wide  near  the  vulva.  It  gradually  widens  to  247  /x  where  there  is  a distinct 
change  into  the  uterus,  which  is  about  564  /x  wide,  and  continues  almost  the  full 
length  of  the  body.  It  narrows  to  form  the  coiled  ovary.  The  lateral  append- 
ages are  located  about  145  /x  from  the  end  of  the  tail.  The  tail  is  about  520  n 
to  616  ix  long  and  617  /x  wide  at  the  anus.  It  terminates  in  a knob-like  extremity 
surrounded  by  an  irregular  ring  of  spines,  variable  in  number.  There  are 
micro-filaria  in  the  uterus. 

No.  Hosts. 

3162,  3163,  Bison  bison,  (American  bison). 
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I.  Introduction. 

Recent  advances  in  Parasitology  have  encouraged  research  in 
this  field  at  the  Animal  Hospital  Laboratory  of  the  New  York 
Zoological  Park,  and  a systematic  study  of  the  nematode  parasites 
collected  from  mammals  during  the  year  has  revealed  much  inter- 
esting data  concerning  parasites  of  animals  in  captivity.  Three 
nematodes,  new  to  our  collection,  have  been  described,  and  several 
others  held  for  further  study.  Specimens  new  to  our  collection  are 
Citellina  marmotae  Manter,  1930,  from  the  Woodchuck  (Marmota 
monax);  Passalurus  nonanulata  Skinker,  1931;  and  Dermatoys 
veligera  (Rudolphi,  1819),  both  from  a cotton  tail  rabbit  (Sylvilagus 
sylvaticus)  wild  in  the  park.  Among  those  held  for  further  study 
are  Trichuris  sp.;  Trichostrongylus  sp.;  Physaloptera  sp.;  and  a 
very  interesting  species  of  Rictularia  from  the  small  intestine  of  a 
Kinkajou  (Potos  flavus).  A comparative  study  of  the  species  of 
Rictularia  is  in  progress,  and  only  a few  important  measurements  and 
characters  will  be  given  in  this  report. 

The  technique  and  methods  of  procedure  are  the  same  as  those 
described  previously,  McClure  (1932). 

In  Part  III.  the  systematic  arrangement  of  the  hosts  is  that 
adopted  by  Flower  (1929).  The  scientific  and  trade  names,  together 
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with  the  dates  of  arrival  and  deaths  are  given,  and  the  time  in  cap- 
tivity may  be  ascertained.  The  number,  name,  with  the  location 
within  the  host,  of  each  parasite  is  given. 

In  Part  IV.  the  zoological  order  of  the  nematodes  is  adopted 
from  Yorke  and  Maplestone  (1926),  and  the  species  are  listed  al- 
phabetically. The  species  previously  described,  McClure  (1932) 
and  (1933)  will  only  be  listed,  whereas  species  new  to  our  collection 
will  be  briefly  described.  In  all  cases  the  species  will  be  followed  by 
a list  of  the  hosts  from  which  the  nematodes  were  collected. 

II.  Acknowledgments. 

Grateful  acknowledgments  are  due  to  the  New  York  Zoological 
Society  for  the  publication;  Dr.  Charles  V.  Noback,  Park  Veteri- 
narian, for  the  material;  Dr.  B.  G.  Chitwood,  U.  S.  Department  of 
Agriculture,  Washington,  D.  C.  for  examination  and  helpful  sugges- 
tions in  the  description  of  various  species;  and  Dr.  Horace  W. 
Stunkard,  New  York  University,  for  assistance  in  the  preparation 
of  the  manuscript. 

III.  Synoptic  List  of  Mammals  from  which  Nematodes 
were  Collected. 

order  primates. 

Family  Cercopithecidae. 

Cercopithecus  diana,  (Diana  monkey)  arrived  11/21/27;  died  1/14/32. 

1 Subulura  distans,  cecum. 

Cercopithecus  cephus,  (mustache  monkey)  arrived  9/11/31;  died  8/23/32. 

1 Subulura  distans,  cecum. 

Cercopithecus  sabaeus,  (green  monkey)  arrived  4/25/29;  died  6/25/32. 

63  Subulura  distans,  cecum. 

Cercopithecus  sabaeus, '( green  monkey)  arrived  5/8/29;  died  S/9/32. 

3 Subulura  distans,  cecum. 

Cercopithecus  sabaeus,  (green  monkey)  arrived  10/11/31;  died  1/1/32. 

29  Subulura  distans,  cecum. 

3 Trichuris  sp.,  cecum. 

Macaca  mulatta,  (Rhesus  monkey)  arrived  4/26/32;  died  12/3/32. 

6 Subulura  distans,  cecum. 

Macaca  mulatta,  (Rhesus  monkey)  arrived  5/31/32;  died  10/18/32. 

1 Subulura  distans,  cecum. 

Papio  cynocephalus,  (yellow  baboon)  arrived  10/12/29;  died  3/8/32. 

48  Subulura  distans,  cecum. 

7 Trichuris  sp.,  cecum. 
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Family  Cebidae. 

Cebus  capucina,  (white-faced  sapajou)  arrived  3/27/31;  died  6/3/32. 

8 Dipetalonema  gracile,  body  cavity. 

Cebus  capucina,  (white-faced  sapajou)  arrived  3/30/32;  died  6/26/32. 

1 Physaloptera  sp.,  stomach. 

Cebus  capucina,  (white-faced  sapajou)  arrived  10/17/21;  died  12/11/32. 

3 Physaloptera  sp.,  stomach. 

Cebus  capucina,  (white-faced  sapajou)  arrived  12/3/31;  died  6/21/32. 

1 Physaloptera  sp.  (larva),  stomach. 

Cebus  fatuellus,  (brown  capuchin-monkey)  arrived  9/6/30;  died  11/3/32. 

1 Physaloptera  sp.,  stomach. 

ORDER  CARNIVORA. 

Family  Felidae. 

Felis  canadensis,  (Canadian  lynx)  arrived  3/2/28;  died  6/17/32. 

6 Toxascaris  leonina,  intestine. 

Felis  rufa,  (bobcat)  arrived  1/5/29;  died  3/16/32. 

4 Toxascaris  leonina,  intestine. 

Family  Canidae. 

Vulpes  velox,  (swift  or  kit  fox)  arrived  8/25/31;  died  1/15/32. 

5 Toxocara  sp.,  intestine. 

Family  Procyonidae. 

Potos  flavus,  (kinkajou)  arrived  6/10/32;  died  10/23/32. 

1 Rictularia  sp.,  intestine. 

ORDER  RODENTIA. 

Family  Sciuridae. 

Callosciurus  prevostii,  (Prevost’s  squirrel)  arrived  9/30/32;  died  11/9/32. 

3 Physaloptera  sp.,  stomach 

Marmota  monax,  (woodchuck)  arrived  5/24/32;  died  6/14/32. 

Many  Citellina  marmotae,  cecum. 

3 Trichostrongylus  sp.,  intestine. 

Family  Erethizontidae. 

Erethizon  dorsatum,  (Canadian  albino  porcupine)  arrived  9/29/31;  died  10/28/32. 
1 Wellcomia  evoluta,  intestine. 

Coendou  prehensilis,  (prehensile-tailed  porcupine)  arrived  12/23/31;  died  1/20/32. 
1 Trichostrongylus  sp.,  intestine. 

ORDER  LAGOMARPHA. 

Family  Leporidae. 

Sylvilagus  sylvaticus,  (cottontail  rabbit)  killed  in  N.  Y.  Zool.  Park  11/20/32. 
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1 Dermatoxys  veligera,  intestine. 

75  Passalurus  nonanulatus,  intestine. 

ORDER  PERISSODACTYLA. 

Family  Equidae. 

Equus  zebra , (mountain  zebra)  arrived  9/4/20;  died  10/23/32. 

Many  Parascaris  equorum,  intestine. 

Equus  zebra , (Hartmann’s  mountain  zebra)  arrived  9/8/22;  died  2/3/32. 

Many  Dictyocaulus  arnfieldi,  lungs. 

Many  Parascaris  equorum , intestine. 

ORDER  ARTIODACTYLA. 

Family  Bovidae. 

Bison  bison,  (American  bison)  arrived  2/5/19;  died  4/25/32. 

2 Setaria  labiato-papillosa,  body  cavity. 

Family  Cervidae. 

Dama  dama,  (fallow  deer)  arrived  6/10/31;  died  7/12/32. 

12  Oesophagostomum  venulosum,  intestine. 

1 Trichuris  sp.,  cecum. 

Dama  dama,  (fallow  deer)  arrived  7/2/18;  died  6/23/32. 

1 Oesophagostomum  venulosum,  intestine. 

IV.  Synoptic  List  of  Nematode  Parasites. 

Superfamily  Trichuroidea  Railliet,  1916. 

Family  Trichuridae  Railliet,  1915. 

Subfamily  Trichurinae  Ransom,  1911. 

Trichurus  sp 53 

Superfamily  Strongyloidea  Weinland,  1853;  Hall,  1916. 

Family  Strongylidae  Baird,  1853. 

Subfamily  Oesophagostominae  Railliet,  1915. 
Oesophagostomum  venulosum  (Rudolphi,  1809).  . 54 

Family  Trichostrongylidae  Leiper,  1912. 

Subfamily  Trichostrongylinae  Leiper,  1908. 

Trichostrongylus  sp 54 

Family  Metastrongylidae  Leiper,  1908. 

Subfamily  Metastrongylinae  Leiper,  1908. 

Dictyocaulus  arnfieldi  (Cobbold,  1884) 


54 


1934]  McClure:  Nematode  Parasites  of  Mammals  53 

Superfamily  Oxyuroidea  Railliet,  1916. 

Family  Oxyuridae  Cobbold,  1864. 

Subfamily  Oxyurinae  Hall,  1916. 

Citellina  marmotae  Manter.  1930 54 

Passalurus  nonanulatus  Skinker,  1931 ..  55 

Dermatoxys  veligera  (Rudolphi,  1819) 56 

Subfamily  Syphaciinae  Railliet,  1916. 

Wellcomia  evoluta  (Linstow,  1899) 57 

Family  Subuluridae  Yorke  and  Maplestone,  1926. 

Subfamily  Subulurinae  Travassos,  1914. 

Subulura  distans  (Rudolphi  1809) 57 

Superfamily  Ascaroidea  Railliet  and  Henry,  1915. 

Family  Ascaridae  Baird,  1853. 

Subfamily  Ascarinae  (Railliet  and  Henry,  1912)  Travassos,  1913. 

Toxocara  sp. . . . . 57 

Toxascaris  leonina  (Linstow,  1902) 57 

Parascaris  equorum  (Goeze,  1782)  Yorke  and  Maplestone,  1926.  .........  58 

Superfamily  Spiruroidea  Railliet  and  Henry,  1915. 

Family  Rictulariidae  Railliet,  1916. 

Subfamily  Rictulariinae  Hall,  1913. 

Rictularia  sp. 58 

Family  Physalopteridae  Leiper,  1908. 

Subfamily  Physalopterinae  Railliet,  1893. 

Physaloptera  sp 58 

Superfamily  Filarioidea  Weinland,  1858;  Stiles,  1907. 

Family  Filariidae  (Cobbold,  1864)  Claus,  1885. 

Subfamily  Setariinae  Yorke  and  Maplestone,  1926. 

Setaria  labiato-papillosa  (Aless.,  1838) 59 

Dipetalonema  gracile  (Rudolphi,  1909) 59 

Trichuris  sp. 

The  specimens  representing  the  genus  Trichuris  are  retained  for  further 
consideration. 
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No.1  Hosts. 

321  Cercopithecus  sabaeus,  (green  monkey). 

322  Papio  cynocephalus,  (yellow  baboon). 

323  Dama  dama,  (fallow  deer). 

Oesophagostomum  venulosum  (Rudolphi,  1809). 

A detailed  description  of  this  species  may  be  found  on  page  11,  McClure 
(1932). 

No.  Hosts. 

324,  325,  Dama  dama  (fallow  deer). 

Trichostrongylus  sp. 

The  specimens  representing  the  genus  Trichostrongylus  are  retained  for 
further  study. 

No.  Hosts. 

326,  Coendou  prehensilis,  (Prehensil-tailed  porcupine). 

327,  Marmota  monax , (woodchuck). 

Dictyocaulus  arnfieldi  (Cobbold,  1884). 

A detailed  description  of  this  species  may  be  found  on  page  39,  McClure 
(1933). 

No.  Host. 

328,  Equus  zebra,  (Hartmann’s  mountain  zebra). 

Citellina  marmotae  Manter,  1930. 

The  males  vary  in  length  from  1.6  mm.  to  4.6  mm.  and  in  breadth  from  211  /x 
to  229  ix.  The  body  is  attenuated  both  anteriorly  and  posteriorly.  The  cuticle 
is  transversely  striated  at  intervals  of  about  6 /x  near  the  posterior  end  of  the 
oesophagus,  in  the  larger  specimens.  The  cervical  alae  are  not  well  developed, 
but  the  cuticle  around  the  head  and  neck  is  often  swollen  to  form  a narrow  ring. 
The  nerve  ring  is  located  from  174  /x  to  230  /x  from  the  anterior  end.  The  excre- 
tory pore  is  located  posterior  to  the  oesophageal  bulb.  The  head  has  a diameter 
of  about  48  /x . The  mouth  has  6 delicate  outer  lips,  each  lobe  of  each  lip  bears 
on  its  edge  a pointed  tooth-like  process,  and  3 well  developed  conical  inner  lips, 
forming  a triradiate  mouth  aperture.  There  is  no  complicated  armature  of 
chitinous  bristles  in  the  short  vestibule.  There  are  6 head  papillae,  located 
laterally.  The  oesophagus  is  club-shaped,  varying  in  length  from  265  n to  352  /x 
exclusive  of  the  bulb,  and  in  width  from  39  /x  to  41  fx  at  the  anterior  end  and  from 
35  fx  to  39  /x  at  the  posterior  end.  The  oesophageal  bulb  varies  in  length  from 
95  ix  to  103  ix  and  in  width  from  78  fx  to  82  /x.  The  oesophageal  bulb  is  equipped 
with  a denticular  apparatus,  and  communicates  with  the  intestine  by  means  of 
a valve  which  projects  into  the  lumen  of  the  intestine.  Immediately  following 
the  oesophageal  bulb  for  a distance  of  about  530  /x  the  intestine  is  greatly  en- 

1 The  numbers  preceding  the  hosts  are  those  of  the  preserved  specimens,  deposited  in  the 
Animal  Hospital  Laboratory  of  the  New  York  Zoological  Park. 
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larged  having  a diameter  of  about  159  p,  then  gradually  narrows  to  a diameter 
of  about  53  p,  and  runs  straight  to  the  anal  opening. 

The  cuticular  striation  disappears  at  the  origin  of  the  bursal  membrane 
just  anterior  to  the  cloacal  aperture.  The  bursa  is  well  developed,  originating 
from  145  p to  206  p anterior  to  the  anus,  and  extending  beyond  the  anus  from 
103  id  to  111  p.  The  bursa  is  supported  by  three  prominent  rays,  a thick  dorsal 
ray  about  75  m long  and  about  16  p thick  at  the  base,  with  the  end  directed 
ventrally,  and  two  lateral  rays  projected  at  right  angles  to  the  body,  with  their 
ends  directed  posteriorly.  There  is  no  transverse  ridge  on  the  dorsal  aspect  of 
the  dorsal  ray  as  described  by  Hall  (1916)  for  Oxyuris  triadiata.  There  are  two 
ventral  accessory  copulatory  membranes,  each  supported  by  a single  ray. 
There  are  three  caudal  papillae,  two  large  laterals,  adanal  in  position,  suggestive 
of  the  prebursal  papillae  of  the  strongyles,  and  one  median  postanal,  located 
between  the  two  ventral  accessory  copulatory  membranes.  There  is  only  one 
spicule,  long  and  slender,  varying  in  length  from  178  p to  215  p (Manter  gives 
240  p to  290  p)  and  about  12  p wide  at  the  base.  There  is  no  gubernaculum 
present.  The  cloacal  aperture  is  from  103  p to  107  p from  the  posterior  extremity 
of  the  dorsal  ray. 

The  females  vary  in  length  from  3 mm.  to  5.5  mm.  and  in  breadth  from 
247  p to  300  p.  The  body  is  attenuated  both  anteriorly  and  posteriorly.  The 
cuticle  is  transversely  striated  at  intervals  of  about  7 p near  the  posterior  end 
of  the  oesophagus.  The  head  diameter  is  about  52  p.  The  cephalic  structures 
are  similar  to  those  described  for  the  male.  The  oesophagus  varies  in  length 
from  335  p to  388  p exclusive  of  the  bulb,  and  in  width  from  91  p to  95  p.  The 
nerve  ring  is  located  from  224  p to  260  p from  the  anterior  end  of  the  oesophagus. 
The  excretory  pore  is  just  anterior  to  the  vulva. 

The  vulva  is  a transverse  slit  located  from  .9  mm.  to  1.3  mm.  from  the 
anterior  end,  between  two  well  developed  lips.  There  is  a short  vagina  about 
265  p,  (Manter  gives  700  p)  connected  to  a long  uterus  directed  posteriorly, 
which  divides  near  the  anus  to  form  two  uteri  terminated  by  the  ovaries.  The 
tail  tapers  to  a fine  point,  measuring  about  688  p long,  and  128  p wide  at  the 
anus  in  the  largest  specimens.  The  ova  are  thin  shelled  measuring  41.3  p by 
76  p. 

No.  Host. 

329,  Marmota  nonax,  (woodchuck). 

Passalurus  nonanulatus  Skinker,  1931. 

The  males  vary  in  length  from  2.7  mm.  to  3.5  mm.,  and  in  breadth  from 
176  p to  229  p.  The  body  is  typical  oxyurid  in  shape,  having  the  posterior  half 
slightly  coiled.  The  cuticle  is  finely  striated  transversely  at  intervals  of  about 
7.7  p near  the  posterior  end  of  the  oesophagus.  Two  cervical  alae  present, 
each  contains  a distinct  notch  from  247  p to  270  p from  the  anterior  end.  The 
excretory  pore  is  located  behind  the  oesophageal  bulb  about  529  p from  the 
anterior  end  of  the  body,  in  the  center  of  a slit-like  cavity  about  78  p long.  The 
head  has  a diameter  of  about  27  p,  bears  4 submedian  papillae  and  2 amphids. 
The  mouth  is  simple,  having  three  well-defined  lips.  The  pharynx  is  prominent, 
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having  a posterior  diameter  of  about  20  /*,  a depth  of  about  12  /x,  and  armed  with 
three  curved  teeth.  The  oesophagus  is  club-shaped,  increasing  in  size  posteri- 
orly, varying  in  length  from  260  /x  to  301  /x;  its  anterior  diameter  varies  from  25  /x 
to  29  /jl,  and  its  posterior  diameter  50  /x  to  53  /x.  This  portion  is  separated  from 
the  oesophageal  bulb  by  a neck-like  constriction  about  26  /x  long  and  25  /x  in 
diameter.  The  oesophageal  bulb  is  almost  spherical  having  a diameter  of  about 
94  /jl,  and  contains  a tripartite  chitinized  dental  apparatus.  The  nerve  ring  is 
located  about  158  /x  from  the  anterior  end  of  the  body. 

The  tail  is  very  long,  always  curved  ventrally,  somewhat  widened  to  last 
pair  of  caudal  papillae,  then  suddenly  narrowed  and  ends  in  a long  process  from 
190  /jl  to  206  /jl  in  length.  There  are  3 pairs  of  caudal  papillae;  two  pairs  of 
large  contiguous  sissile,  one  adanal  and  the  other  slightly  postanal;  and  one 
pair  of  smaller  papillae  supporting  the  posterior  end  of  the  caudal  alae,  from  124  /x 
to  165  /jl  posterior  to  the  anus.  The  spicule  is  short,  about  113  /jl  in  length. 
No  gubernaculum  present. 

The  females  vary  in  length  from  4 mm.  to  6.5  mm.  and  in  breadth  from  406  /jl 
to  494  /jl.  The  body  is  slender,  oxyurid  in  shape,  having  a long  attenuated 
posterior  extremity.  The  cuticle  is  transversely  striated  at  intervals  of  about 
8 /jl  near  the  posterior  end  of  the  oesophagus.  The  cervical  alae  are  notched  at 
353  /jl  to  406  /jl  from  the  anterior  end.  The  excretory  pore  is  located  from  .882 
mm.  to  1 mm.  from  the  anterior  end  of  the  body,  in  the  center  of  a slit-like 
cavity  about  254  /x  long.  The  head  has  a diameter  of  about  37  /jl.  The  general 
cephalic  characters  are  similar  to  those  described  for  the  male.  The  oesophagus, 
exclusive  of  the  neck  and  bulb  varies  in  length  from  375  /jl  to  433  /x;  has  an  an- 
terior diameter  from  37  /x  to  41  /*;  a posterior  diameter  from  70  /x  to  86  /x;  the  neck 
varies  in  length  from  33  /x  to  37  /x  and  has  a diameter  of  about  the  same  dimen- 
sions; the  bulb  is  almost  spherical  having  a diameter  from  132  /x  to  153  /x.  The 
nerve  ring  is  located  about  206  /x  from  the  anterior  end  of  the  body. 

The  vulva  is  located  from  1.2  mm.  to  1.4  mm.  from  the  anterior  end  of  the 
body.  The  vagina  extends  posteriorly  and  divides  to  form  two  uteri.  The  tail 
is  long  and  slender,  varying  in  length  from  1.3  mm.  to  1.4  mm.  and  is  terminated 
by  a long  thin  process  about  176  /x  in  length.  The  eggs  are  thin  shelled,  about 
103.6  /x  by  56.5  /x  (an  average  of  ten). 

No.  Host. 

3210,  Sylvilagus  sylvaticus,  (cotton  tail  rabbit). 

Dermatoxys  veligera  (Rudolphi,  1819)  Schneider,  1866. 

There  was  only  one  specimen  found,  a male,  which  measured  in  length  8.5 
mm.  and  in  breadth  about  353  /x,  near  the  middle  of  the  body.  The  body  is 
rather  straight,  and  curved  ventrally  at  the  posterior  end.  The  cuticle  is  finely 
striated  transversely  at  intervals  of  about  3.4  /x  near  the  posterior  end  of  the 
oesophagus.  Two  cervical  alae  are  present  and  extend  to  the  middle  of  the 
oesophageal  bulb.  The  excretory  pore  is  located  behind  the  oesophageal  bulb, 
about  1.82  mm.  from  the  anterior  end  of  the  body.  The  head  has  a diameter 
of  about  117  /x.  The  mouth  has  three  well  developed  lips  each  bearing  two  pa- 
pillae. There  are  three  teeth  projecting  from  the  shallow  buccal  cavity.  The 
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oesophagus,  exclusive  of  the  bulb,  is  about  776  /x  long,  87  n wide  at  the  anterior 
end  and  132  /x  wide  at  the  posterior  end.  The  narrowest  part  being  somewhat 
anterior  to  the  middle  and  about  70  ju  in  width.  The  oesophageal  bulb  is 
distinct,  but  not  constricted.  It  is  about  263  n long  and  212  /x  wide.  The  nerve 
ring  encircles  the  oesophagus  about  186  /x  from  the  anterior  end. 

The  tail  is  somewhat  pointed  and  is  about  170  n long.  The  bursa  is  formed 
by  two  wide  caudal  alae  about  723  /x  long  and  meets  posterior  to  the  conical  ter- 
mination of  the  body  proper.  A series  of  12  distinct  cuticular  crests  are  located  in 
the  mid-ventral  line  about  330  n anterior  to  the  anus.  Between  this  and  the 
anus  are  two  rows  of  small  shields  or  bosses.  The  papillae  in  the  specimen  are 
not  distinct,  however,  certain  prominences  indicate  the  following:  four  preanal, 
the  first  pair  just  anterior  to  the  second;  one  pair  adanal;  and  two  pairs  and  one 
large  single  papillae  postanal,  one  pair  and  the  single  papillae  are  located  just 
posterior  to  the  anus.  The  two  other  large  papillae  are  somewhat  lateral. 
Between  these  are  two  large  cuticular  shields.  The  spicule  is  small,  about  86  n 
long.  No  gubernaculum  present. 

No.  Host. 

3211,  Sylvilagus  sylvaticus,  (cotton  tail  rabbit). 

Wellcomia  evoluta  (Linstow,  1899). 

A brief  description  of  this  species  may  be  found  on  page  16,  McClure  (1932). 
However,  head  papillae  have  been  observed  and  other  slight  modifications  may 
follow  later. 

No.  Host. 

3212,  Erethizon  dorsatum,  (Canadian  albino  porcupine). 

Subulura  distans  (Rudolphi,  1908). 

A brief  description  of  this  species  may  be  found  on  page  19,  McClure  (1932) 


No. 

Hosts. 

3213,  3214,  3215, 

Cercopithecus  sabaeus,  (Green  monkey). 

3216, 

Cercopithecus  diana,  (Diana  monkey). 

3217, 

Cercopithecus  cephus,  (mustache  monkey). 

3218,  3219, 

Macaca  mulatta,  (Rhesus  monkey). 

3220, 

Papio  cynocephalus,  (yellow  baboon). 

Toxocara  sp. 

No.  Host. 

3221,  Vulpes  velox,  (swift  or  kit  fox). 

Toxascaris  leonina  (Linstow,  1902). 

A brief  description  of  this  species  may  be  found  on  page  21,  McClure  (1932). 
No.  Hosts. 

3222,  Felis  canadensis,  (Canadian  lynx). 

3223,  Felis  rufa,  (bobcat). 
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Parascaris  equorum  (Goeze,  1782)  Yorke  and  Maplestone,  1926. 

A brief  description  of  this  species  may  be  found  on  page  43,  McClure  (1933). 

No.  Hosts. 

3224,  Equus  zebra,  (mountain  zebra). 

3225,  Equus  zebra,  (Hartmann’s  mountain  zebra). 

Rictularia  sp. 

There  was  only  one  specimen  present,  a female,  22  mm.  long  and  1.5  mm. 
wide  near  the  posterior  end.  The  body  is  club-shaped,  the  posterior  end  being 
the  largest.  The  cuticle  is  striated  transversely  at  intervals  of  about  20  /x  near 
the  posterior  end  of  the  oesophagus.  Along  practically  the  entire  ventral  surface 
on  each  side  there  are  two  rows  of  cuticular  combs  or  spines,  92  in  number,  45 
anterior  to  the  vulva  and  47  posterior.  There  is  a gradual  transformation  from 
the  combs  to  the  spines,  which  are  limited  to  the  posterior  region.  The  last 
spine  is  about  2 mm.  from  the  posterior  extremity.  The  cervical  papillae  are 
very  inconspicuous  and  located  about  1.04  mm.  from  the  anterior  end  of  the 
body.  The  excretory  pore  is  located  about  248  fx  anterior  to  the  cervical  papillae. 
The  mouth  is  dorso-ventral,  bordered  with  small  blunt  teeth.  The  head  diam- 
eter at  the  base  of  the  buccal  cavity  is  about  264  /x.  The  buccal  cavity  is  about 
88  ijl  deep  and  106  fx  wide  at  its  base.  From  the  dorsal  wall  of  the  buccal  cavity 
projects  a transverse  ridge,  tooth-like  in  appearance.  The  head  bears  an  inter- 
nal circle  of  6 papillae,  an  external  circle  of  8 papillae,  and  two  amphids.  The 
anterior  muscular  part  of  the  oesophagus  is  .74  mm.  long  and  106  /x  wide;  the 
posterior  glandular  part  is  3 mm.  long  and  about  300  /x  maximum  width.  The 
entire  length  of  the  oesophagus  is  3.74  mm.  The  nerve  ring  is  located  about  406  /x 
from  the  anterior  end  of  the  oesophagus. 

The  vulva  is  located  on  the  ventral  side,  midway  between  the  two  rows 
of  spines,  about  6.95  mm.  from  the  anterior  end  of  the  body,  about  3.21  mm. 
behind  the  posterior  end  of  the  oesophagus.  There  is  a short  vagina,  about  124  /x 
and  an  elongated  egg-sac  about  617  /x  maximum  thickness.  The  uteri  are 
united  for  a distance  of  about  2.65  mm.  then  divide  to  form  two  very  long 
coiled  uteri  terminated  by  the  ovaries.  The  reproductive  organs  fill  the  entire 
body  cavity.  The  tail  is  about  617  /x  long,  blunt,  and  terminated  by  a minute 
spine.  The  ova  are  not  fully  developed. 

No.  Host. 

3226,  Poto  flavus  (kinkajou). 

Physaloptera  sp. 

For  various  reasons  the  species  of  the  genus  Physaloptera  are  listed  sp. 
and  are  held  for  further  consideration. 

No.  Hosts. 

3227,  Callosciurus  prevostii,  (Prevost’s  squirrel). 

3228,  Cebus  fatuellus,  (Brown  capuchin-monkey). 

3229,  3230,  3231,  Cebus  capucina,  (white-faced  sapajou). 
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Setaria  labiato-papillosa  (Alless.,  1838). 

A brief  description  of  this  species  may  be  found  on  page  45,  McClure  (1933). 

No.  Host. 

3232,  Bison  bison,  (American  bison). 

Dipetalonema  gracile  (Rudolphi,  1809). 

For  a brief  description  of  this  species  see  page  25,  McClure  (1932). 

No.  Host. 

3233,  Cebus  capucina,  (white-faced  sapajou). 
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8,  34 

Animal  Hospital  Laboratory,  N.  Y.  Zoolog- 
ical Park,  1,  29,  49 
Ascaridae  Baird  1853,  9,  34,  53 
Ascarinae  (Railliet  and  Henry  1912)  Tra- 
vassos 1913,  9,  34,  53 
Ascaris  columnaris  (Leidy  1856),  32,  34 
description,  42-43 
Ascaroidea  sp.,  6,  7 

Ascaroidea  Railliet  and  Henry  1915,  9,  34, 
53 

Aspidodera  sp.,  7,  19 

Aspidodera  Railliet  and  Henry  1912,  9 

Autopsies,  N.  A.  Zoological  Park,  1,  2,  3,  29 

Baylis,  H.  A.,  26,  46 
Blair,  Dr.  W.  Reid,  2 
Boulenger,  C.  L.,  25,  26,  41,  46 
Bunostomum  Railliet  1902,  8 

trigonocephalum  (Rudolpbi  1908  [1808]), 
7,  8 

description,  13-14 

Capillaria  sp.,  7,  10 
Capillaria  Zeder  1800,  9 
Chandler,  A.  C.,  9,  26,  27 
Chitwood,  Dr.  B.  G.,  2,  16,  30,  50 
Citellina  marmotae  Man  ter,  1930,  49,  51,  53 
description,  54-55 

Dermatoxys  veliqara  (Rudolphi  1819)  Schnei- 
der 1866,  49,  52,  53 
description,  56-57 

Dictyocaulus  arnfeldi  (Cobbold  1884) 
description,  39-40 
Dikmans,  Dr.  G.,  29,  30 
Dipetalonema  Diesing  1861,  9 

gracile  (Rudolphi  1809),  5,  9,  51,  53,  59 
description,  25-26 

Enterobius  sp.,  5,  15,  30,  31,  34,  40 
Enter obius  Leach  1855,  8,  29 

Filariidae  (Cobbold  1864)  Claus  1885,  9,  35, 
53 

Filarioidea  Weinland  1858;  Stiles  1907,  9, 
35,  53 

Flower,  S.  S.,  4,  27,  30,  47,  59 
Flukes,  1 
Fox,  H.,  2,  27 

Gongylonema  Molin  1857,  9 

pulchrum  Molin  1857,  4,  9,  22 
Gongyloneminae  Hall  1916,  9 

Hall,  Dr.  M.  C.,  2,  27,  40,  55,  59 
Heligmosominae  Travassos  1914,  8 
Heligmostrongylus  Travassos  1917,  8 
sedecimradiatus  (Linstow  1899),  6,  8 
description,  15 


Heterakidae  Railliet  and  Henry  1914,  9,  34 
Heterakinae  Railliet  and  Henry  1912,  9,  34 
Heterakis  dahomensis  Gendre  1911,  33,  34,  40 
description,  40-42 
spumosa  Schneider  (1866),  40,  41 

Infestation  of  hosts  by  parasites,  2 

McClure,  Gervase  W.,  Nematode  Parasites 
of  Mammals,  with  a Description  of  a 
New  Species,  Wellcomia  branickii,  from 
Specimens  Collected  in  the  N.  Y . Zoo- 
logical Park,  1930,  1-28  (Fig.  1);  1931, 
29-47;  1932,  49-60 

for  paged  outline,  see  Nematode 
Parasites 

Mammals,  Hosts  of  Nematode  Parasites 
Collected  in  the  N.  Y.  Zoological  Park 
(with  dates  of  arrivals  in  Park  and 
dates  of  deaths),  1930,  1-28;  1931,  29- 
47;  1932,  49-60 
acinonyx  jabatus,  6,  20,  21 
agouti,  golden,  7 
antilope  cervicapra,  7,  14 
ape,  Barbary,  5,  20,  23 

black,  5.  11,  31,  36,  42 
armadillo,  six  banded,  7,  19 
ateles  ater,  5,  15,  26,  31,  45 
baboon,  yellow,  50,  57 
bear,  polar,  6,  22 
beaver,  Canadian,  32,  39 
beisa,  fringe-eared,  33,  35 
bison,  American,  7,  33,  46,  52,  59 
bison  bison,  7,  33,  46,  52,  59 
blackbuck,  7,  14 
bobcat,  51,  57 
buffalo,  see  bison 
callosciurus  prevostii,  51,  58 
castor  canadensis,  32,  39 
cat,  jaguarondi,  32,  38 
cavy,  spotted,  6,  7,  15,  25 
cebus  apella,  5,  26 

capucina,  5.  12,  15,  25,  26,  58,  59 
fatuellus,  51,  58 
cercocebus  fuliginosus,  5,  20 
cercopithecus  albogularis,  38,  40 
campbelli,  35,  40,  42,  45 
cephus,  4,  10,  20,  50,  57 
diana,  50,  57 
nictitans,  31,  35 
nigrigenis,  31,  35,  42 
sabaeus,  5,  10,  20,  25,  31,  35,  42,  45, 
50,  57 

cervus  songaricus,  7,  12 
cheetah,  6,  20.  21 
coendou  prehensilis,  33,  38,  51,  54 
cricetomys  gambianus,  33*  41,  42 
cuniculus  paca,  6,  7,  15.  25 
cynopithecus  niger,  5,  11,  31,  36,  42 
dama  dama,  7,  10,  12,  52,  54 
damaliscus  korrigum,  7,  10 
dasyprocta  agouti,  7 
deer,  Barasingha.  7.  12 
deer,  fallow,  7.  10,  12,  52,  54 
dinomys  branickii,  6,  10,  16 
eland,  7,  15 
elk,  Altai,  7,  12 

equus  burchelli  chapmanni,  33,  44 
grevyi,  33,  44 

zebra,  29,  33,  40,  44,  52,  54;  58 
erethizon  dorsatum,  6,  18,  40,  51,  57 
euphr actus  sexcinctus,  7,  19 
felis  canadensis,  51,  57 
concolor,  32,  38,  43 
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leo,  32,  43 
onca,  32,  38,  43 
pardalis,  32,  37 
rufa,  51,  57 
tigris,  6,  20,  21,  32,  43 
yaguarondi,  32,  38 
fox,  fennec,  6,  12,  32,  37,  43,  45 
silver,  6,  13 

swift,  or  kit,  30,  32,  43,  45,  51,  57 
gibbon,  black,  4,  10,  11,  20,  25 
hoolock,  4,  11,  20,  25 
guenon,  black,  31,  35,  42 

Campbell’s,  30,  35,  40,  42,  45 
hylobates  hoolock , 4,  11,  20,  25 
hystrix  leucara,  6 
jaguar,  32,  38,  43 
kinkajou,  32,  45,  49,  51,  58 
lagothrix  humboldtii,  5,  13,  14,  15,  26 
31,  40 

langur,  4,  22 

lemur,  black-white,  29,  38 
lemur  variegatus,  29,  38 
lepus  californicus  melanotis,  7,  14 
lion,  32,  43 

lynx,  Canadian,  51,  57 
macaca  fuscata,  5,  20 
irus,  5,  11,  20,  31,  42 
maurus,  31,  35 
mulatto , 5,  20,  42,  50,  57 
sylvana,  5,  20,  23 
macaque,  black,  31,  35 
Java,  5,  11,  20,  31 
mangabey,  sooty,  5,  20 
marmota  monax , 49,  51,  54,  55 
mephitis  mephitis,  6,  24 
monkey,  brown  capuchin-,  51,  58 
Diana,  50,  57 

green,  5,  10,  20,  25,  31,  35,  42,  45, 
50,  57 

Japanese  red-faced,  5,  20 
moustache,  4,  10,  20,  50,  57 
Rhesus,  5,  20,  31,  50,  57 
sapajou,  weeper,  5,  26 
sapajou,  white-faced,  5,  12,  15,  25, 
26,  51,  58,  59 
spider,  5,  15,  26,  31,  45 
Sykes’,  30,  38,  40 
white-nosed,  31,  35 
woolly,  5,  13,  14,  15,  26,  31,  40,  45 
musk  ox,  7,  10 
ocelot,  32,  37 
oryx  beisa,  33,  35 
ovibos  moschatus,  7,  10 
papio  cynocephalus,  50,  57 
pithecus  entellus,  4,  22 
porcupine,  Canadian,  6,  18,  40,  51,  57 
Indian,  6 

prehensile- tailed,  33,  38,  51,  54 
potos  flavus,  32,  45,  49,  51,  58 
procyon  lotor,  6,  32,  43 
puma,  32,  38 

rabbit,  cotton  tail,  49,  51,  56,  57 
Kansas  jack,  7,  14 
raccoon,  6,  32,  43 
rat,  Branick,  6,  10,  16 
pouched,  33,  42 
rucervus  duvaucelii,  7,  12 
sapajou,  see  monkey,  sapajou 
skunk,  Canadian,  6,  24 
squirrel,  Prevost’s,  51,  58 
sylvilagus  sylvaticus,  49,  51,  56,  57 
symphalangus  syndactylus,  4,  10,  11,  20, 
25 

taurotragus  oryx,  7,  15 
thalarctos  maritimus,  6,  22 
tiang,  7,  10 
tiger,  6,  20,  21 

Bengal,  32,  43 
vulpes  fulva,  6,  13 
vulpes  velox,  30,  32,  43,  45,  51,  57 
zerda,  6,  12,  32,  37,  38,  43,  45 


woodchuck,  49,  51,  54,  55 
zebra,  Chapman’s,  33,  44 
Grevy’s,  33,  44 

Hartmann’s  mountain,  24,  33,  35, 
40,  44,  52,  54,  58 
mountain,  52,  58 

Metastrongylidae  Leiper  1908,  34,  52 
Metastrongylinae  Leiper  1908,  34,  52 

Necator  Stiles  1903,  8 

americanus  (Stiles  1902),  5,  8,  13 
Necatorinae  Lane  1917,  8,  34 
Nematode  Parasites  of  Mammals,  with  a 
Description  of  a New  Species,  Well- 
comia  branickii,  from  specimens  col- 
lected in  the  N.  Y.  Zoological  Park,  by 
Gervase  W.  McClure,  1930,  1-28 

(Fig.  1);  1931,  29-47;  1932,  49-60 
acknowledgments,  2-3,  30,  50 
bibliographies,  26-28,  47,  59-60 
introductions,  1-2,  29-30,  49-50 
synoptic  lists  of  mammals,  4-7, 
30-33,  50-52 

sxnoptic  lists  of  parasites,  8—26, 
33-46,  52-59 

technique  and  methods  of  pro- 
cedure, 3-4 
Nematodirus  sp.,  7,  15 
N ematodirus  Ransom  1907,  8 
Noback,  Dr.  Charles  V.,  1,  2,  30,  50 

Obeliscoides  Graybill  1924,  8 

cuniculi  (Graybill  1923),  7,  8 
description,  14 

Oesophagostominae  Railliet  1915,  8,  34,  52 
Oesophagostomum  sp.,  6 
Oesophagostomum  Molin  1861,  8,  10,  11,  12 
apiostomum  (Willach  1891),  4,  5,  8,  11, 
30,  31,  34,  35 
description,  10-11 

blanchardi  Railliet  and  Henry  1912,  4, 
8,  10 

distinguishing  characters,  11 
venulosum  (Rudolphi  1809),  7,  8,  10,  52, 
54 

distinguishing  characters,  11-12 
Ortlepp,  R.  J.,  23,  27 
Oxyuridae  Cobbold  1864,  8,  34,  53 
Oxyurinae  Hall  1916,  8,  34,  53 
Oxyuris  triadiata,  55 
Oxyuroidea  sp.,  4,  5,  6,  33 
Oxyuroidea  Railliet  1916,  8,  53 

Parascaris  equorum  (Goeze  1782)  Yorke  and 
Maplestone  1926,  33,  35,  52,  53,  58 
description,  43-44 
Parasites,  nematode,  of  mammals 
see  Nematode  parasites 
Parasitology,  1,  49 

Passalurus  nonanulatus  Skinker,  1931,  49, 
52,  53 

description,  55-56 

Physaloptera  sp.,  2,  4,  5,  25,  30,  31,  32,  35, 
45,  51,  53,  58 

Physaloptera  Rudolphi  1819,  9 

caucasica  von  Linstow  1902,  5,  9,  22 
description,  22-23 
maxillaris  Molin  1860,  6,  9,  23 
multiuteri  Cana  van  1929,  31,  35 
description,  44-45 
tor  re  si  (Travasso  1920),  2,  9 
description,  24-25 

Physalopteridae  Leiper  1908,  9,  35,  53 
Physalopterinae  Railliet  1893,  9,  35,  53 
Price,  Dr.  E.  W.,  2,  16 

Rictularia  sp.,  49,  51,  53 
description,  58 

Rictulariidae  Railliet  1916,  53 
Rictulariinae  Hall  1913,  53 
Round  worms,  1,  2 
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Schwartz,  B.,  9,  28,  47 
“ Sclerostomes  of  the  Equidae,”  35 
Setaria  labiato-papillosa  (Aless.  1838),  33,  35, 
52,  53,  59 
description,  45-46 

Setariinae  Yorke  and  Maplestone  1926,  9, 
35,  53 

Spiruridae  Oreley  1885,  9 
Spiruroidea  Railliet  and  Henry  1915,  9,  35, 
53 

Strongylidae  Baird  1853,  8,  33,  52 
Strong>linae  Railliet  1893,  33 
Strongyloidea  sp.,  5 

Strongyloidea  Weinland  1858;  Hall  1916,  8, 
33  52 

Strongylus  sp.,  29,  33,  35 
Strongylus  equinus,  29 
Stunkard,  Dr.  Horace  W.,  30,  50 
Subulura  Molin  1861,  9 

distans  (Rudolphi  1809),  4,  5,  9,  30,  31, 
34,  42,  50,  53,  57 
description,  19-20 

Subuluridae  Yorke  and  Maplestone  1926,  9, 
34,  53 

Subulurinae  Travassos  1914,  9,  34,  53 
Sypbaciinae  Railliet  1916,  8,  53 

Tapeworms,  1 

Ternidens  deminutus  (Railliet  and  Henry 
1905),  31,  34,  36 
description,  36 

Toxdscaris  sp.,  2,  21,  32,  35,  43 
Toxascaris  Leiper  1907,  9 

leonina  (Linstowr  1902),  6,  9,  21,  32,  35, 
43,  51,  53,  57 
description,  21 

transfuga  (Rudolphi  1819),  2,  6,  9 
description,  21-22 


Toxocara  sp.,  29,  34,  43,  51,  53,  57 
Toxocara  Stiles  1905,  9 

mystax  (Zeder  1800),  6,  9,  21,  32,  34,  43 
description,  20 

Travassosius  americanus  Chapin  1925,  32, 
34,  38 

description,  38-39 

Trichostrongj  lidae  Leiper  1912,  8,  34,  52 
Trichostrongjdinae  Leiper  1908,  8,  34,  52 
Trichostrongylus  sp.,  29,  30,  32,  34,  38,  49, 
51,  52,  54 

Trichostrongylus  Looss  1905,  8,  14 
Trichuridae  Railliet  1915,  8,  9,  33,  52 
Trichurinae  Ransom  1911.  33,  52 
Trichuris  sp.,  4,  5,  6,  7,  10,  29,  30,  31,  33,  35, 
49,  50,  52,  53 
Trichuris  Roederer  1761,  9 
Trichuroidea  Railliet  1916,  8-9,  33,  52 

Uncinaria  Froelich  1789,  8 

stenocephala  (Railliet  1884),  6,  8,  13,  32, 
34,  38 

U.  S.  Department  of  Agriculture  Laboratory, 
2,  29,  30,  50 

van  Thiel,  P.  H.,  25,  28 

Wellcomia  Sambon  1907,  8 
branickii  sp.  nov.,  6,  8 
description,  16 
(Fig.  1),  17 

evoluta  (Linstow  1899),  6,  8,  16,  33,  34, 
40,  51,  53,  57 
description,  16-18 
Willey,  Dr.  Charles  H.,  3 

Yorke,  W.  and  P.  A.  Maplestone,  4,  25,  28 
30,  41,  47,  50,  60 


J ieto  i^orfe  Zoological  g>ocietp 

Scientific  Publications 

A completely  classified  list  of  the  subjects  included 
in  each  of  the  finished  volumes  of  Zoologica,  and  all 
other  publications  of  the  New  York  Zoological  Society 
will  be  furnished  on  application. 

Address 

H.  R.  MITCHELL 

Manager,  Zoological  Park 

185th  St.  and  Southern  Boulevard,  New  York  City 


ZOOLOGICA 


SCIENTIFIC  CONTRIBUTIONS  OF  THE 
NEW  YORK  ZOOLOGICAL  SOCIETY 


VOLUME  XVI 


AUGUST,  1933-1934,  MARCH 


Numbers  1-4  Inclusive 


HE  SOCIETY 
THE  ZOOLOGICAL  PARK,  NEW  YORK 


New  fork  2onUi0tral 

General  Office:  101  Park  Avenue,  New  Y'ork  City 


(^fftcerg 

President,  Madison  Grant 
Honorary  President,  Henry  Fairfield  Osborn 
Vice-Presidents,  W.  Redmond  Cross  and  Kermit  Roosevelt 
Chairman,  Executive  Committee,  Madison  Grant 
Treasurer,  Cornelius  R.  Agnew 
Secretary,  Henry  Fairfield  Osborn,  Jr. 

3&oarb  of  fErusrteeg 

Class  of  1936 

Madison  Grant,  Lewis  R.  Morris,  Archer  M.  Huntington,  George  D 
Pratt,*  Cornelius  R.  Agnew,  Harrison  Williams,  Marshall 
Field,  Ogden  L.  Mills,  Vincent  Astor,  C.  Suydam 
Cutting,  Childs  Frick,  Alfred  Ely 
Class  of  1937 

George  Bird  Grinnell,  Frederic  C.  Walcott,  George  C.  Clark, 

W.  Redmond  Cross,  Henry  Fairfield  Osborn,  Jr.,  George 
Gordon  Battle,  Bayard  Dominick,  Anson  W.  Hard, 

Robert  Gordon  McKay,  Kermit  Roosevelt, 

Grafton  H.  Pyne,  John  M.  Schiff 
Class  of  1938 

Henry  Fairfield  Osborn,  Robert  S.  Brewster,  Edward  S.  Harkness, 
Edwin  Thorne,  Irving  K.  Taylor,  Harry  Payne  Bingham, 
Landon  K.  Thorne,  J.  Watson  Webb,  Oliver  D. 

Filley,  De  Forest  Grant,  H.  de  B. 

Parsons,*  George  F.  Baker 

Scientific  Staff 

W.  Reid  Blair,  Director  of  the  Zoological  Park 
William  T.  Hornaday,  Director  Emeritus 
Charles.  H.  Townsend,  Director  of  the  Aquarium 
C.  M.  Breder,  Jr.,  Assistant  Director,  Aquarium 
Raymond  L.  Ditmars,  Curator  of  Mammals  and  Reptiles 
William  Beebe,  Honorary  Curator  of  Birds  and  Director  of  Department  of 

Tropical  Research 

Lee  S.  Crandall,  Curator  of  Birds 
H.  C.  Raven,  Prosector 
Charles  V.  Noback,  Veterinarian 

Claude  W.  Leister,  Ass’t  to  the  Director  and  Curator,  Educational  Activities 
Edward  R.  Osterndorff,  Photographer 
William  Bridges,  Editor  and  Curator  of  Publications 

Ctntorial  Committee 

Madison  Grant,  Chairman 

W.  Reid  Blair  Charles  H.  Townsend 

William  Beebe  George  Bird  Grinnell 


* Deceased 


William  Bridges 


Zoologica,  Volume  XVI,  Numbers  1-k 


TITLES  OF  PAPERS 


PAGE 

1 —  Deep-sea  Fishes  of  the  Bermuda  Oceanographic  Expeditions:  Introduc- 

tion   Beebe  1 

2—  Deep-sea  Fishes  of  the  Bermuda  Oceanographic  Expeditions:  Family 

Alepocephalidae Beebe  13 

3 —  Deep-sea  Fishes  of  the  Bermuda  Oceanographic  Expeditions:  Family  • 

Argentinidae Beebe  95 

4 —  Deep-sea  Fishes  of  the  Bermuda  Oceanographic  Expeditions:  Family 

I diacanthidae Beebe  149 


m 


Zoologica,  Volume  XVI,  Numbers  1-1+ 


LIST  OF  ILLUSTRATIONS 


DEEP-SEA  FISHES  OF  THE  BERMUDA  OCEANOGRAPHIC 
EXPEDITIONS:  FAMILY  ALEPOCEPHALIDAE 

Figures  1 to  25  inclusive 

PAGE 

Fig.  1.  Anomalopterus  megalops  Beebe 

Fig.  2.  Bathytroctes  drakei  Beebe.  A.  Larva;  B.  Post-larva;  C.  Adoles- 
cent (type  specimen) 25 

Fig.  3.  Bathytroctes  drakei  Beebe.  Dorsal  views  of  head,  showing  posi- 
tion of  brain  in  A.  Larva;  and  B.  adolescent  (type  specimen)  28 
Fig.  4.  Bathytroctes  drakei  Beebe.  The  vertical,  monthly  and  yearly 
distribution  of  specimens  taken  by  the  Bermuda  Oceano- 
graphic Expeditions 32 

Fig.  5.  Bathytroctes  drakei  Beebe.  The  vertical  distribution  of  speci- 
mens   33 

Fig.  6.  Bathytroctes  drakei  Beebe.  The  seasonal  distribution  of  speci- 
mens   33 

Fig.  7.  Bathytroctes  rostratus  Gunther.  The  approximate  geographical 

and  vertical  distribution  of  all  recorded  specimens 35 

Fig.  8.  Bathytroctes  rostratus  Gunther.  A.  Larva;  B.  Post-larva;  C.  and 

D.  Adolescent;  E.  Adult 38 

Fig.  9.  Bathytroctes  rostratus  Gunther.  Diagram  showing  development 
of  teeth  and  decrease  in  relative  size  of  supraclavicular  pro- 
cess with  growth 41 

Fig.  10.  Bathytroctes  rostratus  Gunther.  Diagram  of  supraclavicular  pro- 
cess, showing  its  relation  to  pectoral  girdle  and  lateral  line . . 45 

Fig.  11.  Bathytroctes  rostratus  Gunther.  Alimentary  canal 47 

Fig.  12.  Bathytroctes  rostratus  Gunther.  The  vertical,  monthly  and 

yearly  distribution  of  the  specimens  taken  by  the  Bermuda 

Oceanographic  Expeditions 50 

Fig.  13.  Bathytroctes  rostratus  Gunther.  The  vertical  distribution  of 

specimens • 51 

Fig.  14.  Bathytroctes  rostratus  Gunther.  The  seasonal  distribution  of 

specimens 51 

Fig.  15.  Bathytroctes  rostratus  Gunther.  The  relation  of  month  of  capture 
to  average  length,  average  depth  and  theoretical  numerical 

abundance 52 

Fig.  16.  Dolichopteryx  binocularis  Beebe 60 

Fig.  17.  Dolichopteryx  binocularis  Beebe.  Scales  from  lateral  line 62 

Fig.  18.  Dolichopteryx  binocularis  Beebe.  Skull,  hyoid  arch  and  opercular 

bones • • 66-67 

Fig.  19.  Dolichopteryx  Brauer.  The  approximate  geographical  and  verti- 
cal distribution  of  all  recorded  specimens  of  the  genus 71 

Fig.  20.  Dolichopteryx  longipes  (Vaillant) • • • 73 

Fig.  21.  Dolichopteryx  longipes  (Vaillant).  Alimentary  canal 76 

Fig.  22.  Macromastax  gymnos  Beebe 81 


v 


VI 


Illustrations 


Fig.  23.  Photostylus  pycnopterus  Beebe 83 

Fig.  24.  Xenodermichthys  Gunther.  The  approximate  geographical  and 

vertical  distribution  of  all  recorded  specimens  of  the  genus . . 86 

Fig.  25.  Xenodermichthys  copei  (Gill.).  Adolescent  specimen . 89 

DEEP-SEA  FISHES  OF  THE  BERMUDA  OCEANOGRAPHIC 
EXPEDITIONS:  FAMILY  ARGENTINIDAE 

Figures  26  to  46  inclusive 

Fig.  26.  Bathylagus  benedicti  Goode  and  Bean.  The  approximate  geo- 
graphical and  vertical  distribution  of  all  recorded  specimens  99 
Fig.  27.  Bathylagus  benedicti  Goode  and  Bean.  A.  Transitional  post- 
larva; B.  Young  adult 103 

Fig.  28.  Bathylagus  benedicti  Goode  and  Bean.  Scales 107 

Fig.  29.  Bathylagus  benedicti  Goode  and  Bean.  The  vertical,  monthly  and 
yearly  distribution  of  specimens  taken  by  the  Bermuda 

Oceanographic  Expeditions 110 

Fig.  30.  Bathylagus  benedicti  Goode  and  Bean.  The  vertical  distribution 
of  specimens  taken  by  the  Bermuda  Oceanographic  Expedi- 
tions  112 

Fig.  31.  Bathylagus  benedicti  Goode  and  Bean.  The  seasonal  distribution 
of  specimens  taken  by  the  Bermuda  Oceanographic  Expedi- 
tions  112 

Fig.  32.  Bathylagus  benedicti  Goode  and  Bean.  The  relation  of  seasonal 
distribution  to  average  length,  based  upon  the  total  number 
of  specimens  taken  by  the  Bermuda  Oceanographic  Expedi- 
tions  112 

Fig.  33.  Bathylagus  glacialis  Regan.  The  approximate  geographical  and 

vertical  distribution  of  all  recorded  specimens 115 

Fig.  34.  Bathylagus  glacialis  Regan.  A.  Post-larva;  B.  Same,  dorsal  view 

of  head:  C.  Adolescent:  D.  Adult 118 

Fig.  35.  Bathylagus  glacialis  Regan.  Lateral  line  scale  from  above  anal 

origin 125 

Fig.  36.  Bathylagus  glacialis  Regan.  Skull,  hyoid  arch  and  opercular 

bones,  lateral  view 128 

Fig.  37.  Bathylagus  glacialis  Regan.  Circumorbital  bones 129 

Fig.  38.  Bathylagus  glacialis  Regan.  Skull,  dorsal  view 130 

Fig.  39.  Bathylagus  glacialis  Regan.  Skull,  hyoid  arch  and  opercular 

bones,  latero-ventral  view 131 

Fig.  40.  Bathylagus  glacialis  Regan.  A.  Vertebra  and  baseost  from  be- 
neath 4th  dorsal  ray:  B.  Vertebra  and  baseost  from  above 

7th  anal  ray 134 

Fig.  41.  Bathylagus  glacialis  Regan.  Caudal  vertebrae  and  finrays 136 

Fig.  42.  Bathylagus  glacialis  Regan.  Alimentary  canal 137 

Fig.  43.  Bathylagus  glacialis  Regan.  The  vertical,  monthly  and  yearly 
distribution  of  the  specimens  taken  by  the  Bermuda  Oceano- 
graphic Expeditions 139 

Fig.  44.  Bathylagus  glacialis  Regan.  The  vertical  distribution  of  the 
specimens  taken  by  the  Bermuda  Oceanographic  Expedi- 
tions   142 


Illustrations 


Vll 


Fig.  45.  Bathylagus  glacialis  Regan.  The  seasonal  distribution  of  the 
specimens  taken  by  the  Bermuda  Oceanographic  Expedi- 
tions   142 

Fig.  46.  Bathylagus  glacialis  Regan.  The  relation  of  month  of  capture  to 
average  length,  average  depth  and  theoretical  numerical 
abundance 143 


DEEP-SEA  FISHES  OF  THE  BERMUDA  OCEANOGRAPHIC 
EXPEDITIONS:  FAMILY  IDIACANTHIDAE 

Figures  47  to  81  inclusive 

Fig.  47.  The  Gleaming-tailed  Sea  Dragon,  Idiacanthus  fasciola  Peters 

Frontispiece 


Fig.  48.  The  geographical  and  vertical  distribution  of  the  genus  Idiacan- 
thus  154 

Fig.  49.  Growth  stages  of  female 160 

Fig.  50.  Growth  stages  of  male 161 

Fig.  51.  Stalk-eyed  larva  and  post-larva 162 

Fig.  52.  Stalk-eyed  larva  photographed  beside  young  deep-sea  shrimp 
( Sergestes  sp.),  showing  the  presence  of  stalked  eyes  in 

wholly  unrelated  phyla 163 

Fig.  53.  Heads  of  stalk-eyed  young 167 

Fig.  54.  Heads  of  young  females 168 

Fig.  55.  Heads  of  young  males 169 

Fig.  56.  Head  of  female  transitional  adolescent 170 

Fig.  57.  Head  of  adult  male 171 

Fig.  58.  Cartilaginous  elements  of  larval  skull,  dorsal  view 172 

Fig.  59.  Cartilaginous  elements  of  larval  head,  lateral  view 173 

Fig.  60.  Diagrams  showing  change  in  relative  size  and  position  of  pre- 
maxillary, maxillary,  mandible,  quadrate  and  hyomandibu- 

lar  during  development 180 

Fig.  61.  Development  of  centra  in  females  and  males 183 

Fig.  62.  Diagrams  showing  development  of  alimentary  canal  in  female. 

Lateral  views,  left  side 188 

Fig.  63.  Diagrams  showing  development  of  alimentary  canal  in  male. 

Lateral  views,  left  side 189 

Fig.  64.  Development  of  pyloric  region  in  female.  Ventral  views 190 

Fig.  65.  Development  of  pyloric  region  in  male.  Ventral  views 191 

Fig.  66.  Heads  of  adult  female 198 

Fig.  67.  Two  fangs  and  two  small  replacement  teeth  from  mandible  of 
adult  femalq,  showing  luminous  basal  cores  and  row  of  pores 

along  inner  edge  of  base 199 

Fig.  68.  Arrangement  of  photophores  in  adult  female,  between  dorsal  and 

ventral  profiles,  showing  serial  organs  and  lesser  lights 202 

Fig.  69.  Skull  of  adult  female,  dorsal  view 207 

Fig.  70.  Bones  of  head  and  pectoral  girdle  in  adult  female,  lateral  view.  . 208 

Fig.  71.  Hyoid  arch,  branchial  apparatus,  and  anterior  part  of  vertebral 

column  in  adult  female 209 

Fig.  72.  Disjointed  elements  of  jaw  angle  of  adult  female 210 

Fig.  73.  Tenth  dorsal  ray,  baseost  and  vertebra  from  adult  female.  .....  214 


viii  Illustrations 


Fig.  74.  Posterior  vertebral  column  and  base  of  caudal  fin  in  adult  female  216 
Fig.  75.  Ventral  views  of  anterior  one-quarter  of  digestive  and  reproduc- 
tive organs  in  breeding  adults, 219 

Fig.  76.  Elements  of  head  of  adult  male.  Lateral  view 224 

Fig.  77.  First  branchial  arch  of  adult  male 225 

Fig.  78.  Posterior  vertebral  column  and  base  of  caudal  fin  in  adult  male . . 228 
Fig.  79.  Sagittal  section  through  intromittent  organ  and  surrounding 

region  of  adult  male 230 

Fig.  80.  Idiacanthus  fasciola  Peters.  The  vertical,  monthly  and  yearly 
distribution  of  the  specimens  taken  by  the  Bermuda  Oceano- 
graphic Expeditions 232 

Fig.  81.  Diagrams  indicating  the  seasonal  distribution  of  the  growth 
stages  of  Idiacanthus  fasciola  off  Bermuda,  throughout  the 
major  portion  of  the  three-year  trawling  season 233 


ZOOLOGICA 


SCIENTIFIC  CONTRIBUTIONS  OF  THE 
NEW  YORK  ZOOLOGICAL  SOCIETY 


VOLUME  XVI.  NUMBERS  1,  2 AND  3 

DEEP-SEA  FISHES  OF  THE  BERMUDA 
OCEANOGRAPHIC  EXPEDITIONS 

No.  1— INTRODUCTION 

No.  2— Family  ALEPOCEPHALIDAE 

No.  3— Family  ARGENTINIDAE 


PUBLISHED  BY  THE  SOCIETY 
THE  ZOOLOGICAL  PARK,  NEW  YORK 


\ 


By  William  Beebe 


August,  1933 


Neui  fork  2xmlo0tral  SnrtPtg 

General  Office:  101  Park  Avenue,  New  York  City 


(Officer* 

President,  Madison  Grant; 

Honorary  President,  Henry  Fairfield  Osborn; 

Vice-Presidents , W Redmond  Cross  and  Kermit  Roosevelt; 

Chairman,  Executive  Committee , Madison  Grant; 

Treasurer , Cornelius  R.  Agnew; 

Secretary,  William  White  Niles 

JBoarb  of  fEru tfteetf 

Class  of  1934 

George  Bird  Grinnell,  Frederic  C.  Walcott,  George  C.  Clark, 

W.  Redmond  Cross,  Henry  Fairfield  Osborn,  Jr.,  George 
Gordon  Battle,  Bayard  Dominick,  Anson  W.  Hard, 

Robert  Gordon  McKay,  Kermit  Roosevelt, 

Grafton  H.  Pyne,  John  M.  Schiff 
Class  of  1935 

Henry  Fairfield  Osborn,  Robert  S.  Brewster,  Edward  S.  Harkness, 
Edwin  Thorne,  Irving  K.  Taylor,  Harry  Payne  Bingham, 

Landon  K.  Thorne,  J.  Watson  Webb,  Oliver  D. 

Filley,  De  Forest  Grant,  H.  de  B. 

Parsons,  George  F.  Baker 

Class  of  1936 

Madison  Grant,  Wm.  White  Niles,  Lewis  R.  Morris  Archer  M.  Huntington, 
George  D.  Pratt,  Cornelius  R.  Agnew,  Harrison  Williams, 
Marshall  Field,  Ogden  L.  Mills,  Vincent  Astor, 

C.  Suydam  Cutting,  Childs  Frick 

Scientific  Staff 

W.  Reid  Blair,  Director  of  the  Zoological  Park , 

William  T.  Horn  ad  ay,  Director  Emeritus; 

Charles  H.  Townsend,  Director  of  the  Aquarium. 

C.  M.  Breder,  Jr.,  Research  Associate,  Aquarium, 

Raymond  L.  Ditmars,  Curator  of  Mammals  and  Reptiles; 

William  Beebe,  Honorary  Curator  of  Birds  and  Director  of  Department  of 

Tropical  Research; 

Lee  S.  Crandall,  Curator  of  Birds; 

H.  C.  Raven,  Prosector; 

Charles  V.  Noback,  Veterinarian; 

Claude  W.  Leister,  Ass’t  to  the  Director  and  Curator,  Educational  Activities; 
Elwin  R.  Sanborn,  Editor. 

(^tutorial  Committee 

Madison  Grant,  Chairman; 

Charles  H.  Townsend 
George  Bird  Grinnell 


W.  Reid  Blair 
William  Beebe 


Elwin  R.  Sanborn,  Secretary. 


ZOOLOGICA 

SCIENTIFIC  CONTRIBUTIONS  OF  THE 
NEW  YORK  ZOOLOGICAL  SOCIETY 


VOLUME  XVI.  NUMBERS  1,  2 AND  3 

DEEP-SEA  FISHES  OF  THE  BERMUDA 
OCEANOGRAPHIC  EXPEDITIONS 


No.  1— INTRODUCTION 

No.  2— Family  ALEPOCEPHALIDAE 

No.  3 — Family  ARGENTINIDAE 

By  William  Beebe 


PUBLISHED  BY  THE  SOCIETY 
THE  ZOOLOGICAL  PARK,  NEW  YORK 


August,  1933 


These  three  numbers  of  ZOOLOGICA 

SETTING  FORTH 

* 

THE  FIRST  MONOGRAPHIC  STUDIES 

of  the  Deep-Sea  Fishes  of  Bermuda 

ARE  PUBLISHED  THROUGH  THE  GENEROSITY  OF 

HERBERT  L.  SATTERLEE,  ESQ. 

A Patron  of  the  Zoological  Society 


■ ,1» 


4 


Zoologica,  Vol,  XVI,  No.  1 


DEEP-SEA  FISHES  OF  THE  BERMUDA 
OCEANOGRAPHIC  EXPEDITIONS 

INTRODUCTION* 

By  William  Beebe 

Physical  Data 
Methods 

New  Genera  and  New  Species 
List  of  Species 

Summary  of  Important  Points 

§ The  value  of  these  contributions  to  the  ecology  of  deep-sea 
fish  lies  chiefly  in  the  fact  that  the  specimens  concerned  were  all 
taken  in  thirteen  hundred  and  fifty  nets,  drawn  in  one  locality. 
This  locality  is  an  eight-mile  circle,  with  its  center  at  32°  12'  North 
Latitude,  and  64°  36'  West  Longitude,  nine  and  a quarter  miles  south- 
south-east  of  Nonsuch  Island,  Bermuda.  Vertically,  this  is  an  imag- 
inary cylinder,  considered  as  extending  from  the  surface  to  the  bottom 
of  the  sea,  an  extreme  range  of  fifteen  hundred  fathoms.  Further  de- 
tails as  to  locality,  dates,  methods  of  work  and  net  data  may  be  found 
in  Volume  XIII  of  Zoologica,  on  pages  1 to  45. 

Important  new  physical  data  of  this  particular  locality  have 
recently  been  supplied  by  a special  oceanographic  station  established 
by  the  research  ketch  Atlantis,  of  the  Woods  Hole  Oceanographic 
Institution.  In  August  1931  it  was  in  Bermuda  and  at  my  ex- 
pressed wish,  Dr.  Henry  B.  Bigelow  kindly  allowed  the  Atlantis 
to  make  a station  at  the  exact  center  of  my  area  of  exploration. 
Under  the  direction  of  Dr.  H.  R.  Seiwell  this  work  was  carried  out 
on  August  27th,  from  5:50  to  7:38  P.  M.  (1750  to  1938),  in  32°  11' 
North  Latitude,  and  64°  36'  West  Longitude.  The  temperatures 
agree  with  those  taken  on  several  occasions  by  the  Staff  of  the 
Zoological  Society. 

The  following  physical  data  were  obtained : 
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Depth 

Temperature 

Salinity 

d + 

02cc/L 

PH 

po4m7M3 

Meters 

Fath- 

oms 

Feet 

Cent. 

Fahr. 

0 

0 

0 

28.10 

82.6 

36.50 

23.52 

4.5 

8.45 

12 

25 

13.6 

81.6 

28.02 

82.43 

36.45 

23.51 

4.5 

8.49 

12 

50 

27 

162 

21.77 

71.2 

36.61 

25.53 

5.5 

8.46 

12 

100 

54.6 

327.6 

19.02 

66.25 

36.59 

26.24 

4.9 

8.46 

12 

200 

109 

654 

18.24 

64.8 

36.555 

26.42 

4.8 

8.45 

14 

300 

164 

984 

17.93 

64.3 

36.50 

26.46 

4.7  ■ 

8.41 

15 

400 

218.7 

1312 

17.30 

63.1 

36.40 

26.54 

4.4 

8.39 

19 

600 

328 

1968 

14.47 

58 

35.91 

26.80 

4.3 

8.23 

26 

800 

437 

2622 

10.27 

50.5 

35.35 

27.20 

3.4 

8.11 

49 

995 

544 

3264 

6.76 

44.2 

35.075 

27.53 

4.3 

8.10 

47 

1194 

653 

3918 

5.29 

41.5 

35.08 

27.72 

5.2 

8.08 

46 

1593 

871 

5226 

3.96 

39.1 

34.99 

27.81 

6.0 

8.06 

45 

1993 

1089.8 

6539 

3.54 

38.4 

35.04 

27.89 

6.0 

8.15 

46 

2492 

1362.6 

8176 

3.205 

37.8 

34 . 965 

27.87 

5.9 

8.08 

48 

Depths  at  200,  400,  800,  995,  1593  and  1993  meters  by  un- 
protected thermometer. 

Position  of  Fishawk  Snapper  Sample:  32°  10'  53"  N.  Lat., 
64°  36'  57"  W.  Long. 

§ The  following  methods  of  procedure  require  special  comment: 
Measurements: 

Length:  All  measurements  of  length  refer  to  standard  length  (snout 
to  base  of  caudal  fin)  unless  otherwise  specified. 

Eye:  The  eye  diameter  is  the  greatest  external  width  of  the  eyeball, 
as  the  deeply  pigmented  iris  is  frequently  shrunken  and  the 
whole  eye  enclosed  in  a thick,  transparent  capsule  in  the  Alepo- 
cephalidae  and  Bathylagidae. 

Inter  orbital:  The  interorbital  breadth  is  measured  between  the  bony, 
interorbital  ridges  at  the  plane  through  the  middle  of  the  eye. 
Interocular:  The  full  width  between  the  external  free  margins  of  the 
thin,  lamella-like  supraorbital  expansions  of  the  frontals,  at 
the  plane  through  the  middle  of  the  eye. 

Stomach:  Unless  otherwise  specified,  the  stomach  is  measured  from 
the  anterior  end  of  the  intestine  to  the  tip  of  the  blind  sac, 
due  to  the  frequent  lack  of  any  sharp  demarcation  between  the 
oesophagus  and  the  stomach  proper. 
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Development:  In  an  attempt  to  work  toward  a uniformity  of 
terminology  and  a ready  means  of  classification  of  deep-sea  fishes  in 
various  stages  of  development,  the  following  stages  are  recognized, 
defined  in  general  as  follows: 

Larva:  Fish  entirely  free  of  egg  membranes  but  with  remains  of  yolk 
sac  present,  or  with  intestinal  tract  lying  open  externally  along 
the  ventral  profile,  not  enclosed  within  body  cavity. 

Post-larva:  No  yolk  sac;  intestine  (except  protruding  posterior  tip) 
enclosed  within  body  cavity. 

Rays  of  paired  fins  only  partially  differentiated. 

Ossification  lacking,  or  with  traces  in  head  only. 

Adolescent: 

Rays  of  paired  fins  fully  differentiated,  though  usually  unossified. 
Ossification  incomplete. 

Gonads  immature. 

Adult:  Ossification  complete. 

Gonads  fully  developed. 

In  the  various  species  the  stages  are  usually  well  defined  by 
differences  of  proportion,  pigmentation,  dentition,  etc.  in  addition 
to  the  basic  distinctions  just  listed.  The  differences  between  larva 
and  post-larva  are  in  general  more  pronounced  than  those  between 
succeeding  stages. 

The  change  from  one  stage  to  the  next  is,  of  course,  gradual, 
and  transition  forms  frequently  occur,  distinguished  by  vestigial 
characters  of  the  early  stage  combined  with  partially  developed 
traits  of  that  succeeding.  Although  these  transitional  specimens 
are  in  some  cases  closer  to  the  later  than  the  earlier  stage,  for  the 
sake  of  uniformity  they  are  always  counted  with  the  earlier  stage  in 
all  totals  where  they  are  not  separately  named. 

Ecology  : Due  to  adverse  weather  conditions  the  total  numbers 
of  nets  drawn,  during  the  months  of  the  three  trawling  seasons  from 
April  through  September,  were  not  equal.  Thus  in  September, 
between  400  and  1000  fathoms,  six  times  as  many  nets  were  drawn 
as  in  April,  nearly  twice  as  many  as  in  May,  and  so  on.  In  order  to 
determine  what  difference  an  equal  chance  each  month  of  catching 
specimens  might  make  in  the  total  monthly  numbers,  the  following 
procedure  was  followed:  The  sum  of  the  specimens  taken  over  the 
three-year  period  during  the  same  month  was  multiplied  by  the 
quotient  of  the  total  number  of  nets  drawn  (between  the  limits  of 
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the  species’  Bermuda  vertical  distribution)  during  September,  the 
month  of  maximum  number  of  hauls,  divided  by  the  total  number 
drawn  during  that  month  between  the  same  depths.  Thus,  in 
July  during  1929,  1930  and  1931,  20  specimens  of  Bathylagus  glacialis 
were  taken.  The  vertical  range  of  the  species  off  Bermuda  is  from 
500  to  1000  fathoms.  Altogether  178  nets  were  drawn  in  July 
between  these  depths,  while  288  were  pulled  during  the  three 
Septembers.  Therefore,  20  is  multiplied  by  1.6,  giving  a product 
of  32,  the  total  number  of  specimens  that  theoretically  would  have 
been  taken  had  the  maximum  number  of  nets  been  drawn  in  July. 
The  dotted  lines  on  the  graphs  of  seasonal  distribution  represent 
the  result  of  these  computations,  always,  of  course,  accompanied  by 
the  solid  line  of  actual  results.  In  general,  the  relative  result,  for 
purposes  of  drawing  distributional  conclusions,  is  very  little  changed. 

The  total  numbers  of  nets  drawn  at  the  depths  from  500  to 
1000  fathoms  are  practically  identical  as  may  be  seen  from  Zoologica, 
Vol.  XIII,  No.  3,  p.  37.  At  400  fathoms,  however,  only  one-third 
as  many  nets  were  drawn.  For  this  reason,  on  the  graphs  of  vertical 
distribution  400-fathom-totals  have  been  multiplied  by  three  and 
this  theoretical  result  indicated  by  a dotted  line  above  the  solid 
line  which  represents  the  actual  totals. 

In  working  out  the  limits  of  the  vertical  distribution  of  the  vari- 
ous species  throughout  the  world  from  previously  published  records, 
the  possibility  of  the  capture  of  specimens  in  the  course  of  hauling 
in  the  net  has  been  ignored.  Where  specimens  were  taken  in  vertical 
nets  the  maximum  depth  is  used. 

In  calculating  the  average  depths  and  lengths  of  the  Bermuda 
specimens,  standard  deviations  have  been  disregarded,  as  they  were 
found  to  be  too  slight  to  be  of  any  practical  value. 

The  following  arbitrary  divisions  are  made  in  defining  the 
abundance  of  a species: 

Abundant:  More  than  30,000  specimens  taken  (Example,  Cyclothone 
signata) 

Plentiful : 1000  to  3000  specimens  taken  (Example,  Myctophum 
laternatum) 

Common:  500  to  999  specimens  taken  (Example,  Sudis  bronsoni) 
Fairly  common:  100  to  499  specimens  taken  (Example,  Argyropelecus 
hemigymnus) 

Uncommon:  50  to  99  specimens  taken  (Example,  Bathytroctes 
rostratus) 
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Rare:  15  to  49  specimens  taken  (Example,  Bathytroctes  drakei) 

Very  rare:  1 to  14  specimens  taken  (Example,  Dolichopteryx  longipes) 

§ The  Bermuda  collection  contains  the  following  new  genera 
and  species: 

Alepocephalidae  : 

Anomalopterus  megalops  Beebe  1933 
Dolichopteryx  binocularis  Beebe  1932 
Macromastax  Beebe  1933 
Macromastax  gymnos  Beebe  1933 
Photostylus  Beebe  1933 
Photostylus  pycnopterus  Beebe  1933 

List  of  Species 
Family  Alepocephalidae 

Anomalopterus  megalops  Beebe  1933  ..  p.  17 

Bathytroctes  drakei  Beebe  1929  p.  23 

Bathytroctes  rostratus  Gunther  1878 p.  36 

Dolichopteryx  binocularis  Beebe  1932 p.  59 

Dolichopteryx  longipes  (Vaillant  1888) p.  70 

Macromastax  gymnos  Beebe  1933  p.  81 

Photostylus  pycnopterus  Beebe  1933  p.  83 

Xenodermichthys  copei  (Gill  1884) p.  87 

Family  Argentinidae 

Bathylagus  benedicti  Goode  & Bean  1895 p.  100 

Bathylagus  glacialis  Regan  1913 .p.  114 

Summary  of  Important  Points 
First  Two  Families 

Alepocephalidae  : 

General:  Prevalence  of  light  organs  of  most  varied  types.  Deep 
pigmentation  of  larvae  and  post-larvae.  Great  majority  of 
Bermuda  specimens  immature. 

Genera  and  Species: 

Anomalopterus  megalops:  New  species,  with  light  organs. 
Second  known  specimen  of  the  genus. 


10 


Zoologica:  N.  Y.  Zoological  Society 


[XVI;  1 


Bathytroctes  drakei : A species  known  previously  only  from  the 
type,  taken  by  Beebe  from  Hudson  Gorge  in  1928.  Full 
descriptions  of  young  stages. 

Bathytroctes  rostratus:  First  record  from  western  Atlantic. 
Discovery  of  biserial  tooth  stage.  Evidence  that  light 
organs  are  limited  to  adolescent  stage.  First  description  of 
digestive  organs. 

Dolichopteryx  binocularis:  New  species  with  scales  and  a ventral 
luminous  organ.  First  description  of  the  osteology  of 
Dolichopteryx. 

Dolichopteryx  longipes:  Discovery  that  specimens  as  small  as  35 
mm.  are  well  ossified,  almost  ready  for  breeding.  Digestive 
and  reproductive  organs  described  for  first  time. 

Macromastax  gymnos:  New  genus  and  new  species  which  supplies 
a link  between  the  scaled,  Bathytroctes- like  Alepocephalids 
and  the  tubercled,  Xenodermichthys- like  group. 

Photostylus  pycnopterus:  New  genus  and  new  species  with 
curious,  stalked,  light  organs,  and  a striking  resemblance  in 
general  form  to  a Melanostomid  larva. 

Xenodermichthys  copei:  Genus  taken  for  second  time  in  western 
Atlantic.  Definite  arrangement  of  light  organs  evident. 

Argentinidae  : 

General:  Occurrence  of  light  organs  in  at  least  one  species;  lu- 
minescence previously  unknown  in  family.  Great  majority 
of  Bermuda  specimens  immature. 

Genera  and  Species: 

Bathylagus  benedicti:  Young  specimens  taken  for  first  time. 
Most  of  these  occurred  in  the  spring,  showing  definite  relation 
between  length  and  season. 

Bathylagus  glacialis:  First  occurrence  in  western  Atlantic; 
tends  to  have  a very  slightly  smaller  head  and  eye  than 
eastern  specimens  and  an  extra  pelvic  finray.  Young  de- 
scribed for  first  time.  Post-larvae  have  stalked  eyes  and 
definite  pigmentation  patterns.  Adults  and  some  adoles- 
cents have  luminous  abdominal  scales  and  luminous  bands 
on  the  anal  and  lower  caudal;  this  not  only  alters  the  defini- 
tion of  the  family,  but  at  least  partially  refutes  Gunther’s 
theory  that  they  have  enormous  eyes  to  make  up  for  their 
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own  lack  of  luminous  organs.  Average  depth  found  to  be 
100  fathoms  higher  in  spring  than  in  late  summer  and  fall. 
Osteology  described  for  first  time  in  the  genus.  First  de- 
scription of  digestive  and  reproductive  organs  and  of  eggs. 

§ In  the  recording  and  correlation  of  the  data  of  the  present 
paper  I have  had  the  constant  and  invaluable  assistance  of  Miss 
Jocelyn  Crane,  Laboratory  Associate  on  my  staff.  Our  work  began 
with  the  specimens  as  they  were  taken  from  the  nets,  still  living  or 
just  dead,  and  in  the  majority  of  cases,  measurements  and  de- 
scriptions have  been  made  before  preservation. 

All  skeletons,  as  a whole'  or  in  part,  are  described  from  dyed 
and  cleared  specimens  prepared  by  Miss  Gloria  Hollister,  Research 
Associate,  whose  preparations  have  reached  almost  the  acme  of 
excellence. 

The  line  drawings  are  by  Mrs.  Helen  Tee- Van  and  Mr.  Edward 
Delano. 
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DEEP-SEA  FISHES  OF  THE  BERMUDA 
OCEANOGRAPHIC  EXPEDITIONS 

Family  ALEPOCEPHALIDAE 
By  William  Beebe 
(Figs.  1-25  incl.) 

Isospondylous  fishes  with  the  border  of  the  upper  jaw  formed 
by  the  premaxillaries  and  maxillaries;  teeth  feeble;  head  naked; 
scales  (when  present)  thin,  deciduous,  cycloid;  no  stout,  spinous 
finrays;  dorsal  and  anal  set  far  back,  nearly  opposite;  no  post-dorsal 
adipose  fin;  no  barbel;  light  organs  present  or  absent;  no  serial 
photophores  in  double  row  close  to  ventral  profile;  pseudobranchiae 
present. 

Deep-sea  fish  of  temperate  and  tropical  seas,  apparently  absent 
from  the  arctic  and  antarctic. 

Seventeen  genera  are  known,  including  two  here  described  for 
the  first  time. 

The  Bermuda  Oceanographic  Expeditions  captured  128  speci- 
mens of  the  family,  distributed  among  8 species  and  6 genera. 

Of  the  13  families  of  deep-sea  Isospondyls  represented  in  the 
same  collection,  the  Alepocephalids  are  seventh  in  order  of  numerical, 
third  in  specific  and  second  in  generic  abundance. 


Key  to  the  Genera 

A.  Snout  elongated,  tube-like,  mouth  at  tip. 

a.  Anal  about  equal  to  or  shorter  than  dorsal Dolichopteryx 

aa.  Anal  much  longer  than  dorsal Aulostomatomorpha 

AA.  Snout  short  or  moderate. 

B.  Pelvics  absent Platytroctes 

BB.  Pelvics  present. 

C.  Vertical  fins  very  long  (D.  48,  A.  71) Leptoderma 

CC.  Vertical  fins  short  or  moderate. 

D.  Mandible  toothless Ericara 

DD.  Mandible  with  teeth. 

E.  Upper  jaw  toothless. 

a.  13  branchiostegal  rays Leptochilichthys 

aa.  5 branchiostegal  rays Asquamiceps 
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EE.  Upper  jaw  with  teeth,  at  least  in  premaxil- 
lary. 

F.  A dermal  fold  in  front  of  dorsal. 

a.  Head  large  (2  in  length) Anomalopterus 

aa.  Head  small  (6  in  length) Photostylus 

FF.  No  dermal  fold  in  front  of  dorsal. 

G.  Body  completely  scaled. 

a.  Maxillary  toothless. 

b.  Premaxillary  normal,  jaws 

about  equal  in  front ....  Alepocephalus 
bb.  Premaxillary  expanded, 
forming  a nearly  hori- 
zontal plate  enclosing 

mandible Xenognathus 

aa.  Maxillary  with  teeth. 

b.  Teeth  in  premaxillary  plu- 

riserial Narcetes 

bb.  Teeth  in  premaxillary  uni- 
serial. 

c.  A large,  forwardly- 
directed,  symphys- 

ial  knob Bajacalifornia 

cc.  Symphysial  knob  mi- 
nute and  ventrally 
directed,  or  absent . Bathytroctes 
GG.  Body  naked  (or  with  minute  scales  in 
lateral  line). 

H.  Dorsal  twice  as  long  as  anal  and  orig- 
inating in  advance  of  it Macromastax 

HH.  Dorsal  and  anal  equal  and  opposite. 

a.  Dorsal  and  anal  15  to  21 Rouleina 

aa.  Dorsal  and  anal  27  to  30 Xenodermichthys 

Vertical  Distribution  of  the  Species  of  Alepocephalidae 
Taken  by  the  Bermuda  Oceanographic  Expeditions 

Species  Fathoms 

0 100  200  300  400  500  600  700  800  900  1000 

Anomalopterus  megalops  — — — — — — — X — — — 

Bathytroctes  drakei  — — — — X X X X X X — 

Bathytroctes  rostratus  — — — — — XX  XXXX 

Dolichopteryx  binocularis  — — — — X — — — — — — 

Dolichopteryx  longipes  — — — — — — XXX  — — 

Macromastax  gymnos  — — — — — — — — — — X 

Photostylus  pycnopterus  — — — — — — — — X — — 

Xenodermichthys  copei  — — — — — — XX  — — — 
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Genus  Anomalopterus  Vaillant  1888 

Large-headed  Alepocephalids  with  a dermal  fold  along  the 
dorsal  profile  in  front  of  the  dorsal  fin.  Elongate;  moderately 
compressed;  scales  absent;  mouth  large;  teeth  present  on  pre- 
maxillaries  and  mandible,  sometimes  on  maxillary  or  palatine  as 
well;  gill  opening  large;  paired  fins  short,  inserted  close  to  ventral 
profile;  dorsal  originating  slightly  in  advance  of  anal  and  having 
fewer  rays. 

Two  species,  from  off  Morocco  and  Bermuda  respectively. 

Anomalopterus  megalops  Beebe  1933 

(Fig.  1) 

Type:  Department  of  Tropical  Research  No.  11,456;  Bermuda 
Oceanographic  Expedition  of  the  New  York  Zoological  Society; 
Net  280;  July  10,  1929;  12  miles  south  of  Nonsuch  Island,  Bermuda; 
700  fathoms;  Standard  length  31  mm. 


Measurements  and  Counts:  Standard  length  31  mm; 
depth  7.8  (in  length  4) ; head  15.3  (in  length  2) ; maximum  thickness 
6.5  (in  length  4.8);  eye  diameter,  without  fold,  3.3  (in  head  4.6); 
eye  fold  .48;  snout  3.8  (in  head  4);  maxillary  8.2  (in  head  1.9); 
interorbital  2.4  (in  head  6.4);  brachiostegal  rays  7,  the  membranes 
partially  united  beneath  the  isthmus;  pectoral  rays  7;  pectoral 
length  1.9;  pelvic  rays  7;  pelvic  length  2.5;  dorsal  rays  21;  anal 
rays  20. 

External  Characters:  The  color  in  the  fresh  specimen 
was  a dark  sepia  brown,  while  the  very  thin  epidermis  was 
transparent,  adhering  closely  and  resembling  cellophane  in  its 
texture. 

The  contour  of  this  fish  is  very  unusual,  being  deepest  at  the 
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mid-body,  sloping  gradually  forward  to  a deep,  blunt  snout,  and 
more  rapidly  posteriorly,  ending  in  an  elongated,  slender  peduncle. 
The  enormous  head  is  half  as  long  as  the  entire  fish,  and  the  cor- 
respondingly large  eyes  are  contained  four  and  a half  times  in  the 
head.  The  head  slopes  evenly  to  the  snout  when  it  descends  in  an 
abrupt  curve  to  the  mouth.  A curve  corresponding  to  that  of  the 
nape  follows  the  mandible  back  to  its  posterior  angle,  and  from  here 
to  the  tail  the  ventral  contour  is  horizontal.  The  mid-back,  through- 
out the  extent  of  the  predorsal  fold,  is  horizontal,  the  remaining 
contour,  from  the  anterior  insertion  of  the  dorsal  fin,  descending  in 
a steep,  long  curve  to  the  caudal  fin. 

The  large  eyes  are  high  on  the  head,  interrupting  the  dorsal 
profile,  and  the  eye-ball  is  surrounded  by  a thick,  fleshy  fold,  making 
these  organs  look  even  larger  than  they  are.  The  nostrils  are 
conspicuous,  slightly  nearer  the  anterior  margin  of  the  eye  than 
tip  of  the  snout,  and  are  above  a line  drawn  between  these  two 
places.  The  narial  area  is  very  large,  measuring  a millimetre  in 
diameter,  and  it  is  difficult  to  understand  Vaillant’s  foot-note  in  the 
description  of  A.  pinguis  (1888,  p.  161),  “Jen’aipu  decouvrir  les 
narines.”  The  interorbital  breadth  is  only  three-quarters  the  diam- 
eter of  the  eye. 

The  mouth  is  large,  with  a slight  downward  slope  posteriorly, 
the  maxillary  ending  just  short  of  the  posterior  vertical  of  the  eye. 
The  teeth  are  small,  slightly  curved  and  present  on  the  premaxil- 
lary, maxillary  and  the  anterior  part  of  the  mandible.  The  maxillary 
teeth  are  seven  in  number  and  alternate  with  shallow,  rounded  scal- 
lops. The  vomer  and  palatines  are  edentulous. 

The  gill  openings  are  large;  the  opercula  are  covered  with  skin 
and  the  posterior  margin  is  smooth.  The  branchiostegal  rays  are 
seven  in  number  and  partially  united  beneath  the  isthmus. 

The  lateral  line  begins  at  the  upper  angle  of  the  gill  openings, 
and  in  the  anterior  third  of  the  trunk  length  descends  to  the  mid- 
line, holding  level  back  to  the  tail. 

The  skin  is  scaleless  and  smooth  except  for  numerous  small 
tubercles,  abundant  on  the  head,  and  less  so  on  the  body,  where 
they  are  scattered  along  the  dorsal  fold  and  the  lateral  line,  around 
the  anus  and  at  the  base  of  the  caudal  fin.  They  are  asymmetrically 
distributed  over  the  two  sides  of  the  fish,  but  show  a decided  tendency 
toward  a linear  arrangement,  which  argues  the  presence  of  a defi- 
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nite  pattern  in  life.  Especially  noticeable  is  the  curving  line  about 
the  tip  of  the  snout  and  along  the  maxillary,  several  short  lines  in 
the  center  of  the  opercular  region,  and  others  along  the  posterior 
outline  of  the  mandible.  They  are  very  easily  rubbed  off  in  the 
preserved  specimen. 

The  dorsal  fold  is  a low  dermal  ridge  which  begins  at  the  nape 
and  extends  halfway  down  the  back. 

The  pectoral  fin,  inserted  but  little  above  the  ventral  profile, 
has  7 very  short  rays,  and  the  pelvic,  with  an  equal  number,  origin- 
ates well  in  advance  of  the  dorsal  fin.  The  latter  has  21  rays  and 
occupies  about  the  middle  third  of  the  back,  encroaching  consider- 
ably upon  the  posterior  extension  of  the  dermal  fold.  The  anal  fin, 
of  20  elements,  occupies  the  same  antero-posterior  extent  as  the 
dorsal,  but  extends  about  half  its  length  behind  the  dorsal.  The 
caudal  is  badly  injured  and  the  length  is  uncertain. 

Discussion:  My  specimen  No.  11,456  must  be  referred  to  the 
genus  Anomalopterus  on  the  basis  of  the  two  dominant  generic 
characters — the  enormous  size  of  the  head  and  the  presence  of  the 
adipose  fold  preceding  the  dorsal  fin,  unless  a new  genus  be  made 
due  to  the  presence  both  of  maxillary  teeth  and  of  dermal  tubercles 
in  the  present  specimen. 

The  only  other  species,  and  in  fact  individual  of  the  genus, 
Anomalopterus  pinguis,  was  described  by  Vaillant  (1888,  p.  160- 
162;  pi.  XI,  fig.  4,  4a).  It  was  taken  on  the  voyage  of  the  Talisman 
in  1883,  near  Cape  Blanco,  Morocco,  at  a depth  of  1400  metres,  or 
765  fathoms. 

Anomalopterus  megalops  differs  from  Vaillant’s  species  in  the 
much  larger  eye,  the  presence  of  teeth  on  the  maxillary,  the  con- 
spicuous nostrils,  increased  vertical  finray  counts  and  the  presence  of 
tubercles  on  the  skin. 

Even  allowance  for  a difference  in  age  {pinguis  is  twice  as  long 
as  megalops)  could  not  account  for  the  greatly  disproportionate  size 
of  the  eye,  the  inconspicuousness  of  the  nostrils  and  the  total  ab- 
sence of  dermal  tubercles. 

The  following  table  presents  a direct  comparison  between  the 
two  individuals  of  the  two  species: 
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Anomalopterus  pinguis  Anomalopterus  megalops 

Vaillant  Beebe 


Length 

61  mm. 

31  mm. 

Lgth:  depth 

3.6 

4 

Lgth:  thickness 

7.6? 

4.8 

Lgth:  head 

2. 

2 

Head:  eye 

20  (fresh,  without  fold) 

4.6  (preserved,  without  fold) 

Head:  snout 

3 

4 

Head:  interorbital 

8.6 

6.4 

Upper  jaw 

Nearly  head  (from  fig.) 

Like  pinguis 

Maxillary 

Extends  beyond  parallel 
from  posterior  border  of 
orbit. 

Ends  in  front  of  parallel 
from  posterior  border  of 
orbit. 

Teeth 

Very  small  on  premaxil- 
laries  and  mandible;  larger 
on  palatines;  none  visible  on 
vomer. 

Very  small  on  premaxil- 
laries  and  mandible;  maxil- 
lary with  7 small  teeth 
alternating  with  very  shal- 
low scallops;  none  on  pala- 
tines or  vomer. 

Nostril 

“Je  n’ai  pu  decouvrir  les 
narines.” 

Conspicuous,  slightly  near- 
er anterior  margin  of  eye 
than  tip  of  snout,  and  above 
horizontal  through  the 
center  of  the  eye. 

Eye 

With  cutaneous  fold  which 
narrowed  it  greatly  in  fresh 
specimen. 

Fold  similar  to  pinguis  but 
eye  itself  much  larger. 

Interorbital  space 

At  least  double  length  of 
eye. 

Only  three-fourths  eye 
length,  but  latter  is  pro- 
portionately much  greater. 
Compared  with  head,  inter- 
orbital is  broader  than  in 
pinguis. 

Gill  opening 

Large. 

Large. 

Operculum 

Covered  in  life  by  a mem- 
branous tegument  and  large- 
ly membranous  itself.  Only 
preopercle  and  opercle  dis- 
tinguishable. A furrowed 
border  with  posterior  pro- 
jections. 

Similar,  but  no  “furrowed 
border”  nor  posterior  pro- 
jections except  several  of 
the  tubercles,  which  are 
generally  distributed  over 
the  fish. 

Skin 

Absolutely  naked. 

Scaleless,  but  with  small 
tubercles  present  on  head 
and  body. 

Lateral  line 

Begins  at  upper  angle  of 
gill  opening;  descends  rap- 

Like  pinguis. 
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Anomalopterus  pinguis 
Vaillant 

idly  to  median  line,  follows 
latter  to  caudal. 

Adipose  fold  Fold  plus  dorsal  equals  80  % 

of  back.  Fold  occupies  an- 
terior 67  % of  fold  plus  dor- 
sal. 

Lower  than  true  dorsal.  Ex- 
tends to  dorsal  origin. 


Anomalopterus  megalops 
Beebe 


Fold  plus  dorsal  equals  62% 
of  back.  Fold  occupies  an- 
terior 84  % of  fold  plus  dor- 
sal. 

Similar  to  pinguis  in  gen- 
eral character,  but  neither 
as  high  nor  as  conspicuous. 
Reaches  mid-dorsal. 


Dorsal 

17 

21 

Anal 

14 

20 

Extends  slightly  beyond 

Extends  slightly  beyond 

dorsal  and  is  not  so  long. 

dorsal  and  is  about  same 
length. 

Pectoral 

9 — very  short 

7 — very  short 

Pelvic 

9 

7 

Origin  almost  opposite  ray- 

Origin well  in  front  of  rayed 

ed  dorsal. 

dorsal. 

Color 

Bluish;  iris  white. 

Dark  brown. 

Type  in  the  collections  of  the  Department  of  Tropical  Research 
of  the  New  York  Zoological  Society. 

Reference 

Anomalopterus  megalops  Beebe  1933,  p.  159;  fig.  39.  (Type 
description). 

Genus  Bathytroctes  Gunther  1878  (including  Talismania 
Goode  and  Bean  1895) 

Generic  Characters:  Form  elongate,  moderately  compressed; 
body  scaled;  head  moderately  large;  maxillary  toothed,  its  posterior 
border  not  extending  beyond  the  posterior  margin  of  the  orbit 
(except  in  B.  stomias );  teeth  also  present  at  least  in  premaxillary 
and  mandible;  symphysial  knob,  if  present,  small,  ventrally  directed; 
branchiostegals  7;  paired  fins  short,  inserted  fairly  close  to  ventral 
profile;  dorsal  fin  equal  to  or  longer  than  anal,  originating  opposite 
or  in  front  of  it. 

Number  of  Species:  At  least  nineteen  species  have  been  re- 
corded; of  these,  two  were  taken  by  the  Bermuda  Oceanographic 
Expeditions. 
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Geographical  Distribution  : Members  of  the  genus  are  known 
from  the  Atlantic,  Mediterranean,  Indian  and  Pacific  Oceans. 

Vertical  Distribution  : Bathytroctes  has  been  caught  at  depths 
all  the  way  from  200  to  2700  fathoms;  the  Bermuda  examples  came 
from  between  400  and  1000  fathoms,  but  were  most  abundant 
between  600  and  900  fathoms.  In  the  trawling  cylinder  temper- 
atures of  about  52.8°  Fah.  and  38.7°  Fah.  were  recorded  at  400  and 
1000  fathoms,  respectively. 

Abundance  : 

World:  Bathytroctes  rostratus  is  the  only  species  of  the  genus  of 
which  more  than  five  individuals  have  previously  been  taken.  Of 
this  species,  about  thirty-five  specimens  are  recorded. 

Bermuda:  A total  of  116  specimens  of  Bathytroctes  have  been 
taken  by  us.  In  the  order  of  abundance  of  individuals  in  the  nets, 
Bathytroctes  ranks  first  among  the  Alepocephalids,  eighth  among 
the  deep-sea  Isospondyls  (in  a total  of  42  genera)  and  about  six- 
teenth among  all  the  deep-sea  fishes  (including  at  least  120  genera). 

Sociability  : Bathytroctes  is  probably  not  gregarious : Practically 
always  but  one  was  found  in  a single  net,  rarely  two,  twice  three, 
once  four.  On  the  other  hand,  in  five  instances  individuals  of  both 
B.  drakei  and  B.  rostratus  were  taken  in  the  same  net,  making  it 
possible  that  schools  of  the  young  of  the  two  species  mingle  as  in 
shoals  of  whitebait — young  herring  and  spratt. 

Food:  Of  the  twelve  stomachs  examined,  eight  contained  food. 
This  consisted  entirely  of  small  crustaceans  and  mollusks. 

Enemies:  Bathytroctes  has  not  yet  been  found  in  the  stomach 
of  any  animal,  nor  have  parasites  been  observed. 

Viability:  None  of  the  Bermuda  specimens  has  been  brought 
alive  to  the  surface. 

Size:  The  largest  specimen  of  Bathytroctes  on  record  is  the  type 
of  B.  aequatorius  which  measures  362.5  mm.  and  was  taken  off  the 
coast  of  Equador.  The  smallest  is  9 mm.  in  length,  recorded  by 
Murray  and  Hjort  (1912,  PI.  IX)  from  off  north-west  Africa. 

In  the  present  collection  the  largest  specimen  of  the  genus  is  an 
immature  B.  rostratus  of  56  mm.;  the  smallest  is  a larva  of  the  same 
species  measuring  9.5  mm.  in  length. 

Development:  Post-larvae  are  by  far  the  most  numerous  in 
the  Bermuda  collection;  larvae  and  adolescents  are  rare;  adults  are 
absent.  The  first  three  stages  were  all  taken  throughout  the  April- 
to-September  trawling  seasons. 
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Brief  Summary  of  Growth  Stage  Characters  of 
Bathytroctes  Based  on  the  Bermuda  Material 

Key  to  Growth  Stages: 

A.  Yolk  sac  present;  head  relatively  one-half  or  less  adult 

size Larva. 

AA.  Yolk  sac  absent;  head  relatively  adult  size  or  longer. 

B.  Paired  fins  with  rays  not  fully  differentiated;  no  ossi- 
fication.   Post-Larva. 

BB.  Paired  fins  with  rays  well  differentiated;  ossification 

partial Adolescent. 

Larva:  Yolk  sac;  feeble  jaws;  teeth  almost  or  entirely  lacking; 
moderate,  nearly  round  eye;  small  head;  pectoral  a flap;  pelvic 
absent;  dorsal  and  anal  semi-developed  or  still  finfold-like;  caudal 
strong,  but  heterocercal,  no  rays;  pre-dorsal  and  pre-anal  finfolds 
present;  pigment  well  developed  except  on  head;  no  ossification; 
9.5  to  14  mm. 

Post-larva:  No  yolk  sac;  jaws  large  and  strong;  teeth  developing; 
eye  large,  elongate;  relatively  full  size;  head  of  adult  proportions; 
pectoral  and  pelvic  fins  developing;  dorsal  and  anal  almost  fully 
developed;  no  finfold;  no  ossification;  11  to  30  mm. 

Adolescent:  Pectoral  and  pelvic  fully  developed  externally,  but 
no  ossification  of  the  bases  of  any  of  the  fins;  skull  and  cleithrum 
moderately  well  ossified ; gonads  partly  developed ; 28  to  56  mm. 

Key  to  the  Bermuda  Species  of  BATHYTROCTES 


A.  No  black,  supraclavicular  process;  anterior  premaxillary 
teeth  not  projecting;  snout  about  equal  to  diameter  of  en- 
tire eye  capsule B.  drakei 

AA.  Black,  supraclavicular  process  present;  anterior  pair  of  pre- 
maxillary teeth  projecting,  tusk-like;  snout  shorter  than 
diameter  of  entire  eye  capsule B.  rostratus 


Bathytroctes  drakei  Beebe  1929 

Specimens  Taken  by  the  Bermuda  Oceanographic 
Expeditions 

27  specimens;  May  to  September,  1929  to  1931;  400  to  900 
fathoms;  from  a cylinder  of  water  8 miles  in  diameter  (5  to  13  miles 
south  of  Nonsuch  Island,  Bermuda),  the  center  of  which  is  at  32°  12' 
N.  Lat.,  64°  36'  W.  Long.;  Standard  lengths  from  10  to  22  mm. 


The  Species  of  Bathytroctes  (including  Talismania ) 
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*See  p.  55  for  subsequent  records  from  the  Atlantic,  Mediterranean  & Indian  Ocean. 

tit  seems  probable  from  the  description  that  this  specimen  is  a species  of  Narcetes  Alcock  1890. 


1933]  Beebe:  Deep-Sea  Fishes  of  the  Bermuda  Expeditions 


25 


Previously  Recorded  Specimen 

Type  only;  800  fathoms;  Hudson  Gorge,  125  miles  south-east 
ofJNFew  York  City;  Standard  length  29  mm. 

Specific  Characters 

(From  the  type  specimen;  Figs.  2C  and  3B). 

Bathytroctes  drakei  may  be  distinguished  immediately  from  all 
other  members  of  the  genus  by  the  shortness  of  the  mouth.  In 
the  present  species  the  posterior  end  of  the  maxillary  does  not  quite 
reach  the  vertical  from  the  anterior  rim  of  the  eye-ball,  while  in  the 


rest  of  the  species  it  extends  at  least  to  that  from  the  middle  of  the 
eye.  From  B.  rostratus,  the  other  Bermuda  species,  it  differs  also 
in  the  more  slender  body  (depth  10  in  length,  not  4.3  to  5),  longer 
snout  (3.2  in  head  instead  of  about  3.8),  in  the  absence  of  protruding 
premaxillary  teeth  and  in  the  lack  of  a supraclavicular  process. 
Color:  Light  gray  (brownish  in  preservative),  with  the  head  darker, 
and  the  opercles  and  abdomen  nearly  black.  Proportions:  Depth 
in  length  10;  head  in  length  2.8;  eye  in  head  3;  snout  in  head  3.2; 
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maxillary  in  head  3.4.  Fin  Ray  Counts:  Pectoral  16;  pelvic  7; 
dorsal  18,  originating  in  front  of  the  anal;  anal  15.  Teeth:  Present 
in  premaxillaries  (10  pairs),  maxillaries  (22  pairs),  mandible  (10 
pairs),  vomer  (3  or  4 pairs)  and  palatines  (about  3 pairs).  All  are 
minute,  the  premaxillaries  and  maxillaries  about  equal  in  size,  those 
of  the  mandible  even  smaller,  with  wide  spaces  between. 

Development 

The  28  known  specimens  of  Bathytroctes  drakei,  including  the 
Hudson  Gorge  type,  group  themselves  into  the  larval,  post-larval  and 
adolescent  growth  stages.  The  great  majority  of  the  specimens  are 
post-larvae,  there  being  but  three  larvae  and  one  adolescent  (the 
type) . The  relation  of  these  growth  stages  to  their  standard  length 
and  numerical  abundance  in  the  Bermuda  collection  may  be  seen 
from  the  following  table. 


The  Relation  of  Growth  Stage  to  Length  and  Numerical 
Abundance  in  Bathytroctes  drakei 


Larva:  (Fig.  2A).  The  three  larvae,  characterized  briefly 

by  the  presence  of  a yolk  sac  and  the  lack  of  pelvic  fins,  measure 
10,  11.5  and  14  mm  respectively.  The  11.5  mm  specimen  is 
described  below: 

Trawling  Data:  Department  of  Tropical  Research  No.  21,936; 
Bermuda  Oceanographic  Expeditions  of  the  New  York  Zoological 
Society;  Net  1137;  Aug.  6,  1931;  9 miles  south  of  Nonsuch  Island, 
Bermuda;  600  fathoms;  Standard  length  11.5  mm. 
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Measurements  and  Counts:  Standard  length  11.5  mm;  depth 
1.5  (in  length  7.6);  head  1.7  (in  length  6.8);  eye,  horizontal,  .48 
(in  head  3.1);  eye,  vertical,  .38  (in  head  3.9);  snout  .27  (in  head  5.5); 
dorsal  rays  13;  anal  rays  10. 

External  Characters:  Body  light  brown;  head,  opercles  and  bases 
of  fin  rays  white. 

The  sub-cylindrical,  elongate  body  (excluding  the  yolk  sac) 
is  deepest  between  the  yolk  sac  and  the  anal  origin;  posterior  to  this 
it  tapers  above  and  below  to  the  slender,  very  slightly  upturned 
urostyle.  The  yolk  sac  projects  but  little  beyond  the  line  of  the 
ventral  profile,  and  extends  over  about  three-fifths  of  the  distance 
between  the  opercles  and  the  anus. 

The  head  is  small,  the  rounded  crown  being  slightly  higher  than 
the  nape.  The  brain  (Fig.  3A)  is  enormous,  nearly  filling  the  top 
of  the  head  from  nostrils  almost  to  the  plane  of  the  opercular  margins. 
Relatively,  it  is  twice  as  large  as  in  the  adolescent  or  over  one-third 
the  actual  size  of  the  latter,  although  the  larval  head  length  is  only  a 
sixth  that  of  the  adolescent.  The  short  snout  is  abruptly  upturned, 
and  extends  beyond  the  feeble  lower  jaw.  The  angle  of  the  latter 
is  barely  discernible  at  a point  about  two-thirds  of  the  way  from  the 
mandible  tip  to  the  posterior  border  of  the  opercle.  The  eye  is 
almost  round,  and  the  iris  of  a nearly  constant  width.  The  gape 
extends  to  the  posterior  part  of  the  eye,  the  up-curved  upper  jaw 
having  a fleshy  lip  and  indeterminate  boundaries.  A few  feeble, 
minute  teeth  are  scattered  along  the  maxillary  and  mandible.  The 
opercular  flap  is  well  developed. 

There  is  no  trace  of  scales. 

A shallow  finfold  extends  over  the  posterior  half  of  the  distance 
between  the  snout  and  the  dorsal  origin,  and  a similar  one  on  the 
ventral  profile  lies  between  the  posterior  end  of  the  yolk  sac  and  the 
anal  origin. 

The  pectoral  fins  consist  of  minute,  white,  rayless  pads  lying 
on  the  upper  anterior  surface  of  the  yolk  sac.  There  is  no  trace  of 
pelvics.  The  dorsal  and  anal  are  clearly  marked  off  and  in  the 
same  relative  positions  as  in  the  type  specimen,  with  the  dorsal 
originating  definitely  in  advance.  They  are,  however,  very  low  and 
have  fewer  rays  (about  13  and  10  instead  of  18  and  15  respectively), 
and  these  are  not  all  distinct,  though  the  bases  of  the  rays  are  fairly 
well  differentiated.  The  caudal,  although  still  in  the  finfold  stage, 
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unforked  and  with  no  trace  of  individual  rays,  is  yet  functionally 
well  developed;  it  completely  surrounds  the  urostyle,  but  extends 
very  little  beyond  it,  and  four-fifths  of  its  vertical  development  is 
below  it. 


i 


Fig.  3.  Bathytroctes  drakei  Beebe.  Dorsal  views  of  head,  showing  position  of  brain  in 
A,  larva;  and  B,  adolescent  (type  specimen).  The  relative  size  of  the  heads  is  indicated  by 
the  straight  lines. 


Comparison  with  Other  Larvae:  No.  13,470,  standard  length 
14  mm,  is  at  a less  advanced  stage  than  the  11.5  mm  specimen  just 
described,  with  a larger  yolk  sac  and  deeper  finfolds.  A shrinkage 
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in  length  before  the  transformation  to  the  post-larval  stage  is  thus 
indicated.  The  10  mm  specimen  (No.  16,067)  is  very  similar  to 
that  of  11.5  mm. 

Post-larva:  (Fig.  2B).  The  post-larval  stage  is  briefly  char- 
acterized externally  by  the  partial  development  of  the  paired  fins: 
The  pectorals  are  composed  of  raylets  instead  of  true  rays  and  the 
pel  vies  are  just  appearing.  The  following  specimen  is  a typical 
example : 

Trawling  Data:  Department  of  Tropical  Research  No.  15,358; 
Bermuda  Oceanographic  Expeditions  of  the  New  York  Zoological 
Society;  Net  628;  May  23,  1930;  8 miles  east  of  Nonsuch  Island, 
Bermuda;  600  fathoms;  Standard  length  16.5  mm. 

Measurements  and  Counts:  Total  length  19.2  mm;  standard 
length  16.5  mm;  depth  2 (in  length  8.2);  head  6.3  (in  length  2.6); 
eye,  horizontal,  2.1  (in  head  3);  eye,  vertical,  1.1  (in  head  5.7);  snout 
2 (in  head  3.1);  dorsal  rays  18;  anal  rays  14. 

External  Characters:  In  color  this  specimen  closely  resembles 
the  type,  being,  when  fresh,  brownish  gray  with  opercles  and  abdo- 
men almost  black. 

The  moderately  compressed  and  elongate  body  tapers  gradually 
from  the  shoulders  to  the  base  of  the  caudal.  There  is  no  trace  of 
upturned  urostyle,  yolk  sac  or  finfolds. 

The  head  is  relatively  more  than  twice  as  large  as  in  the  larva, 
the  crown  considerably  higher  than  the  shoulder  and  sloping  gradu- 
ally from  here  to  the  tip  of  the  rather  long  snout.  The  firm  line  of 
the  mandible  extends  straight  backward  to  its  sharp  angle  at  the 
vertical  from  the  posterior  part  of  the  iris.  The  dorsal  portion  of 
the  very  elongate  eye  interrupts  the  profile  of  the  head;  the  lens  is 
set  in  the  middle  of  an  elliptical  socket,  which  is  so  placed  that  the 
posterior  part  of  the  iris  is  broader  than  the  anterior.  The  nostril 
is  placed  high  on  the  snout,  slightly  nearer  the  anterior  margin  of 
the  eye  than  the  tip  of  the  premaxillary.  The  well  defined  maxillary 
extends  to  just  beyond  the  anterior  border  of  the  iris.  Minute 
teeth  are  present  in  a single  series  on  the  premaxillary,  maxillary 
and  mandible  in  about  the  same  numbers  as  in  the  type.  There  are 
three  pairs  on  the  vomer,  and  three  teeth  on  each  palatine. 

There  is  no  trace  of  scales. 

The  pectoral  fin  bases  are  fleshy  pads  like  those  of  the  larva, 
but  these  are  now  broadly  fringed  with  raylets,  though  neither  true 
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rays  nor  their  bases  are  as  yet  distinct.  The  pelvics  are  a pair  of 
minute,  whitish  projections  well  in  front  of  the  vertical  from  the 
dorsal  origin.  The  dorsal,  anal  and  caudal  are  relatively  almost  as 
well  developed  as  in  the  adolescent  type  specimen,  with  all  of  the 
rays  perfectly  distinct. 

Osteology:  Three  post-larvae,  measuring  12.6  mm,  15  mm,  and 
15  mm  respectively,  have  been  cleared  and  stained,  and  in  none  is 
there  the  least  trace  of  ossification. 

Adolescent:  As  has  been  said,  the  type  specimen  already  de- 
scribed is  the  only  example  of  the  adolescent  stage.  Externally  it 
differs  most  noticeably  from  the  post-larva  in  the  full  development 
of  the  paired  fins;  otherwise  the  two  stages  are  very  similar  in 
general  contour  and  proportions. 

Summary  of  Development:  The  changes  which  take  place 
during  the  growth  of  Bathytroctes  drakei  are  summarized  in  the  fol- 
lowing tables.  These  results  are  drawn  from  a comparative  study 
of  all  of  the  specimens  in  the  collection. 

Practical  Summary  of  Changes  Taking  Place 
During  Growth 

Larva:  10  to  14  mm.  Yolk  sac  well  developed;  jaws  feeble  with  a 
few  minute  teeth;  snout  and  head  each  very  short;  eyes  large,  but 
round,  not  horizontally  elongate;  caudal  alone  of  the  fins  function- 
ally well  developed;  pectoral  a fleshy  pad;  pelvics  invisible; 
moderately  deep  finfolds  present  in  front  of  dorsal  and  anal; 
pigment  well  developed  on  trunk,  absent  on  head  and  fins. 
Transition:  12  mm.  Yolk  sac  gone;  jaws  taking  form;  teeth  more 
numerous  and  stronger;  snout  lengthening  out  with  the  jaws; 
head  of  adolescent  size  proportionately;  no  finfolds;  beginning 
of  pectoral  ray  lets;  pigment  more  general  than  in  larva. 
Post-larva:  13  to  19  mm.  Adolescent  proportions  of  head  estab- 
lished : Snout  and  entire  eye  capsule  each  about  of  head ; dorsal, 
anal  and  caudal  with  well  developed  rays  and  proportions; 
pectoral  and  pelvic  without  true,  countable  rays,  the  pelvic  being 
barely  visible;  pigment  generally  distributed,  heaviest  on  opercles 
and  abdomen;  no  ossification. 

Transition:  17  to  22  mm.  Paired  fins  with  rays  partially  differ- 
entiated and  of  almost  adolescent  length. 

Adolescent:  29  mm.  Paired  fins  with  rays  entirely  differentiated. 
Adult:  Unknown. 
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Order  of  Development  of  Principal  External  Characters 

KEY: 

Development  started. 

Half  developed. 

l_  Fully  developed  (i.  e.  in  regard  to  appearance  and  proportions,  but 

not  actual  size,  as  compared  with  the  type  specimen). 


Number  of  Specimens 

Locality 

Season 

Vertical  Distribution 
Length 

External  Characters: 

Yolk  sac 

Profile  finfolds 

Heterocercal  caudal  fold 

Homocercal  caudal  fin 

Dorsal  and  anal  fins 

Pigment 

Eye 

Snout  and  jaws 
Teeth 

Head  length 
Pectoral  fin 
Pelvic  fin 


LARVA 

4 

Bermuda 
June  to  Sept. 
600  to  900  F. 
10  to  14  mm 


POST-LARVA 

23 

Bermuda 
May  to  Sept. 
400  to  900  F. 
11.5  to  22  mm 


ADOLESCENT 

1 

Hudson  Gorge 

July 

800  F. 

29  mm 


Ecology 

Vertical  and  Seasonal  Distribution:  The  accompanying 
table  (Fig.  4)  shows  the  vertical,  monthly  and  yearly  distribution 
of  the  specimens  of  Bathytroctes  drakei  taken  off  Bermuda.  From 
the  graphs  (Figs.  5 and  6)  it  will  be  seen  that  this  species  was  taken 
only  between  400  and  1000  fathoms,  with  the  majority  of  the  speci- 
mens occurring  between  600  and  900  fathoms,  while  the  months  of 
greatest  abundance  were  May  and  September. 

The  table  below  correlates  the  data  of  the  graphs  just  mentioned 
with  length  and  growth  stage  (discussed  under  Development), 
and  gives  in  addition  average  depths  and  lengths: 
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Fig.  4.  Bathytroctes  drakei  Beebe.  The  vertical,  monthly  and  yearly  distribution  of 
the  specimens  taken  by  the  Bermuda  Oceanographic  Expeditions. 


Relation  of  Month,  Number  of  Specimens,  Depth,  Length 
and  Growth  Stage 


Month 

Number 

Depth  in  Fath:  Length  in  mm: 

Extremes  Average  Extremes  Average 

Growth  Stages 

April 

— 

— 

— 

— 

— 

— 

May 

6 

400-900 

667 

13  to  19 

15.3 

Post-larval 

June 

2 

500-900 

700 

10  to  16 

14 

Larval,  Post-larval 

July 

3 

500-800 

667 

12  to  20 

15.3 

Post-larval 

Aug. 

3 

600-700 

633 

12  to  14 

13.3 

Larval,  Post-larval 

Sept. 

13 

500-900 

738 

12  to  22 

15.5 

Larval,  Post-larval 

Total 

27 

400-900 

700 

10  to  22 

15.2 

Larval,  Post-larval 
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From  this  it  is  seen  that  the  average  depths  and  lengths  hold 
remarkably  constant  throughout  the  trawling  season,  showing  no 
evident  relationship.  However,  the  number  of  specimens  captured 
is  too  small  to  justify  more  than  the  most  general  conclusions  on 
these  subjects. 


Fig.  5.  (Left).  Bathytroctes  drakei 
Beebe.  The  vertical  distribution  of  the 
specimens  taken  by  the  Bermuda  Oceano- 
graphic Expeditions.  The  broken  line  is 
based  on  the  number  of  specimens  which 
would  theoretically  have  been  taken  at  400 
fathoms  if  as  many  nets  had  been  drawn 
at  that  depth  as  at  the  others.1 

Fig.  6.  (Right).  Bathytroctes  drakei  Beebe.  The  seasonal  distribution  of  the  speci- 
mens taken  by  the  Bermuda  Oceanographic  Expeditions.  The  solid  line  is  based  upon  the 
actual  number  of  specimens  taken ; the  broken  line  upon  the  number  which  would  theoretically 
have  been  caught  if  as  many  nets  had  been  drawn  every  month  as  during  September.2 


Sociability:  Bathytroctes  drakei  was  always  taken  singly,  with 
one  exception,  when  two  16  mm  post-larvae  were  found  in  the  same 
net. 

Abundance:  Though  second  in  order  of  numerical  abundance 
among  the  Bermuda  Alepocephalidae,  B.  drakei  is  less  than  one- third 
as  common  as  B.  rostratus,  and,  compared  with  other  deep-sea  fish, 
moderately  rare.  It  is  represented  in  2.8  per  cent  of  all  of  the  nets 
drawn  between  400  and  900  fathoms,  the  limits  of  its  vertical  distri- 
bution. 


1 See  Introduction,  p.  8. 

2 See  Introduction,  p.  7. 
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Food:  The  stomachs  of  six  post-larvae,  measuring  from  15  to 
22  mm,  were  opened  with  the  following  results: 


15  mm 

1 Copepod  (length  1 mm  without  antenna) 

16  mm 

Empty 

16  mm 

Empty 

17  mm 

1 small  Pteropod 

19  mm 

Finely  digested,  unrecognizable  material 

22  mm 

Finely  digested  crustacean  remains 

Study  Material 

The  following  list  gives  the  catalogue  number,  depth  in  fathoms, 
date,  length  and  growth  stage  of  each  specimen  of  Bathytroctes 
draJcei  taken  by  the  Bermuda  Oceanographic  Expeditions.  All 
were  caught  in  the  cylinder  of  water  off  the  Bermuda  coast  described 
on  p.  5.  “Lar.  Trans.”  indicates  the  Transition  Stage  between  Larva 
and  Post-larva.  “P.-lar.  Trans.”  indicates  the  Transition  Stage 
between  Post-larva  and  Adolescent. 

No.  10,105;  Net  117;  900  F.;  May  18,  1929;  12.5  mm;  Post-larva. 

No.  11,540;  Net  294;  800  F.;  July  12,  1929;  14  mm;  Post-larva. 

No.  12,423;  Net  380;  700  F.;  Aug.  16,  1929;  14  mm;  Post-larva. 

No.  12,890a;  Net  407;  900  F.;  Sept.  2,  1929;  16,  16  mm;  Post-larvae. 

No.  12,981;  Net  413;  900  F.;  Sept.  3,  1929;  15  mm;  Post-larva. 

No.  13,047;  Net  417;  600  F.;  Sept.  4,  1929;  15  mm;  Post-larva. 

No.  13,332;  Net  447;  800  F.;  Sept.  9,  1929;  14  mm;  Post-larva. 

No.  13,470;  Net  466;  700  F.;  Sept.  12,  1929;  14  mm;  Larva. 

No.  13,762;  Net  499;  800  F.;  Sept.  24,  1929;  16  mm;  Post-larva. 

No.  13,803;  Net  505;  600  F.;  Sept.  25,  1929;  16  mm;  Post-larva. 

No.  13,843;  Net  514;  800  F.;  Sept.  27,  1929;  22  mm;  P.-lar.  Trans. 

No.  14,965;  Net  573;  400  F.;  May  14,  1930;  19  mm;  Post-larva. 

No.  14,948;  Net  577;  800  F.;  May  14,  1930;  16  mm;  Post-larva. 

No.  15,349;  Net  627;  600  F.;  May  23,  1930;  14  mm;  Post-larva. 

No.  15,358;  Net  628;  600  F.;  May  23,  1930;  17  mm;  P.-lar.  Trans. 

No.  15,518a;  Net  647;  700  F.;  May  29,  1930;  13  mm;  Post-larva. 

No.  16,033;  Net  707;  500  F.;  June  16,  1930;  16  mm;  Post-larva. 

No.  16,067;  Net  716;  900  F.;  June  17,  1930;  10  mm;  Larva. 

No.  17,057;  Net  799;  700  F.;  July  15,  1930;  20  mm;  P.-lar.  Trans. 

No.  17,424;  Net  811;  600  F.;  Aug.  28,  1930;  14  mm;  Post-larva. 

No.  17,779;  Net  838;  600  F.;  Sept.  3,  1930;  12  mm;  Post-larva. 

No.  17,841;  Net  845;  900  F.;  Sept.  4,  1930;  15  mm;  Post-larva. 

No.  18,835;  Net  916;  500  F.;  Sept.  19,  1930;  15.5  mm;  Post-larva. 

No.  21,620;  Net  1108;  500  F.;  July  27,  1931;  11.5  mm;  Lar.  Trans. 

No.  21,936;  Net  1137;  600  F.;  Aug.  6,  1931;  11.5  mm;  Larva. 

No.  23,055;  Net  1255;  600  F.;  Sept.  3,  1931;  14.5  mm;  Post-larva. 
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Nos.  10,105  (KOH  No.  1143),  13,047  (KOH  No.  864)  and  17,841 
(KOH  No.  1144)  have  been  cleared  and  stained  in  order  to  study  the 
skeleton. 
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Fig.  7.  Bathytroctes  rostratus  Gunther.  The  approximate  geographical  and  vertical  distribution  of  all  recorded  specimens. 
The  relative  number  of  specimens  taken  at  different  depths  by  the  Bermuda  Oceanographic  Expeditions  is  shown  diagrammat- 
ically  at  the  right,  for  comparison  with  the  previously  known  vertical  range  of  the  species. 
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The  following  drawings  are  filed:  B508,  B868,  B869,  B893. 

Reference 

Bathytroctes  drakei 

Beebe  1929,  p.  6.  (Type  description). 

Bathytroctes  rostratus  Gunther  1878 

Specimens  Taken  by  the  Bermuda 
Oceanographic  Expeditions 

89  specimens;  April  to  September,  1929  to  1931;  500  to  1000 
fathoms;  from  a cylinder  of  water  8 miles  in  diameter  (5  to  13  miles 
south  of  Nonsuch  Island,  Bermuda),  the  center  of  which  is  at  32°  12' 
N.  Lat.,  64°  36'  W.  Long.;  Standard  lengths  from  9.5  mm  to  56  mm. 
First  record  of  occurrence  in  western  Atlantic. 

Previously  Recorded  Specimens 

About  35  specimens;  200  to  2600  fathoms;  North  and  South 
Atlantic  Oceans,  Mediterranean  Sea  and  Indian  Ocean;  Standard 
lengths  from  9 mm  to  162.5  mm.  (See  Fig.  7). 

Adult  Specific  Characters 
(Figs.  8E  and  9d) 

Bathytroctes  rostratus  is  easily  distinguished  from  other  members 
of  the  genus  by  the  character  of  the  first  premaxillary  tooth,  which 
is  enlarged  and  directed  almost  straight  forward,  and  by  the  presence 
of  a fleshy,  black,  supraclavicular  process  immediately  behind  the 
opercle.  Color:  Grayish-brown  to  violet-black,  head  sometimes 
lighter;  eye  bluish.  Proportions:  Depth  in  length  4.3  to  5;  head  in 
length  3 to  4.4;  eye  in  head  3 to  3.7;  snout  in  head  3.7  to  3.8.  Fin 
Ray  Counts:  Pectoral  16  or  17;  pelvic  9;  dorsal  17  to  20,  originating 
in  advance  of  anal;  anal  16  or  17.  Teeth:  uniserial  teeth  present  on 
premaxillary,  maxillary,  mandible,  vomer,  and,  sometimes,  palatine; 
all  minute,  except  for  premaxillary  fangs;  mandibular  teeth  smallest, 
and  those  near  the  symphysis  are  external  to  the  lateral  ones,  which 
are  set  in  the  upper  edge  of  the  bone. 

Development 

The  Bermuda  collection  of  Bathytroctes  rostratus  consists  of 
larvae,  post-larvae  and  adolescents  only,  not  a single  adult  having 
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been  taken.  The  post-larvae  are  by  far  the  most  numerous.  The 
relation  of  these  growth  stages  to  standard  length  and  numerical 
abundance  is  shown  in  the  following  table. 


The  Relation  of  Growth  Stage  to  Length  and 
Numerical  Abundance  in  Bathytroctes  rostratus 
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89 


Egg:  About  200  minute,  partially  developed,  round,  white 
eggs  .05  mm  in  diameter  were  counted  in  each  ovary  of  the  largest 
specimen  in  the  present  collection  (No.  13,081,  standard  length 
56  mm). 

Larva:  (Figs.  8A  and  9a).  Twelve  examples  of  the  larval 
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Fig.  8.  Bathytroctes  rostratus  Giinther.  A,  larva,  9.5  mm.;  B,  post-larva,  ca.  15  mm.; 
C and  D,  adolescent,  ca.  56  mm.,  showing  photophores;  E,  adult,  ca.  163  mm.  (A,  B,  C and 
D after  specimens  taken  by  the  Bermuda  Oceanographic  Expeditions;  E,  after  Gunther). 
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stage,  characterized  by  the  persistance  of  a yolk  sac,  were  taken  in 
Bermuda  and  measure  from  9.5  mm  to  14  mm.  These  agree  well 
with  the  specimens  figured  by  Murray  and  Hjort  (1912,  PI.  IX), 
except  that  in  the  Bermuda  specimens  there  is  no  sign  of  a finfold 
along  the  middle  of  the  back  immediately  in  front  of  the  future 
position  of  the  dorsal  fin.  The  youngest  of  the  Bermuda  specimens  is 
described  below. 

Trawling  Data:  Department  of  Tropical  Research  No.  16,301; 
Bermuda  Oceanographic  Expeditions  of  the  New  York  Zoological 
Society;  Net  738;  June  28,  1930;  6 miles  south  of  Nonsuch  Island, 
Bermuda;  800  fathoms;  Standard  length  9.5  mm. 

Measurements  and  Counts:  Standard  length  9.5  mm;  depth  1.1 
(in  length  8.6);  head,  measured  to  base  of  supraclavicular  process, 
1.6  (in  length  5.9);  eye,  horizontal,  .5  (in  head  3.2);  eye,  vertical, 
.4  (in  head  4);  snout  .2  (in  head  8);  supraclavicular  process  .9  (in 
head  1.8);  length  of  yolk  sac  3.5. 

External  Characters:  In  color  the  larva  is  light  brown,  except  for 
the  pale  head  and  the  dark  brown,  transparent-tipped,  supracla- 
vicular process. 

The  sub-cylindrical,  elongate  body  is  deepest  (excluding  the 
yolk  sac)  just  anterior  to  the  middle  of  the  total  length.  Posterior 
to  this  it  tapers  gradually  above  and  below  to  the  very  slender, 
abruptly  upturned  urostyle.  A yolk  sac  of  moderate  size  interrupts 
the  ventral  profile  at  the  vertical  from  the  end  of  the  eye  and  extends 
two-thirds  of  the  distance  between  this  point  and  the  anus. 

The  crown  of  the  small,  rounded  head  is  scarcely  higher  than 
the  level  of  the  shoulders,  and  the  very  short,  blunt  snout  and  the 
mouth  are  directed  obliquely  downward,  though  to  a lesser  degree 
than  in  the  slightly  younger  specimen  figured  by  Murray  and  Hjort. 
The  eye  is  obliquely  set  and  slightly  elongate,  with  the  posterior 
portion  of  the  iris  much  broader  than  the  anterior.  The  mouth  is 
small  with  a fleshy,  protruding  upper  lip,  the  gape  extending  only 
to  about  the  middle  of  the  eye;  no  mandibular  or  maxillary  angles  are 
visible.  There  are  no  teeth.  The  opercula  are  undeveloped,  leaving 
exposed  the  rudimentary  gills. 

There  is  no  trace  of  scales.  The  supraclavicular  process  is 
relatively  larger  than  at  any  other  stage  (see  Fig.  9a),  the  anterior 
half  attached  to  the  skin  beneath  it. 

On  the  dorsal  profile  a fairly  deep  finfold  extends  over  the 
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anterior  two-fifths  of  the  distance  between  the  nape  and  the  vertical 
from  the  anus.  Ventrally,  between  the  end  of  the  yolk  sac  and  the 
anus,  is  another,  the  deepest  on  the  body. 

The  pectoral  fins  are  represented  by  minute,  white,  rayless  pads, 
but  the  pelvics  are  absolutely  invisible.  The  vertical  fins  are  still 
in  the  form  of  finfolds,  placed  nearly  opposite  each  other  in  the 
posterior  half  of  the  body,  relatively  longer  than  the  future  fins, 
slightly  shallower  than  the  anterior  dorsal  finfold,  and  with  no  sign 
of  either  fin  bases  or  rays.  The  caudal,  also,  is  in  the  form  of  a rayless 
finfold;  it  is  damaged  in  this  specimen,  but  in  the  other  larvae  it 
completely  surrounds  the  urostyle,  though  extending  but  slightly 
beyond  it,  and  is  deepest  ventrally. 

There  is  no  trace  whatever  of  light  organs. 

Digestive  System:  The  feeble  character  of  the  mouth  and  the 

perseverance  of  a well  developed  yolk  sac  in  this  specimen  makes 
it  probable  that  the  larva  is  still  drawing  most  of  its  nourishment 
from  the  yolk.  The  tip  of  the  gut  is  visible  through  the  posterior 
part  of  the  pre-anal  finfold,  but  does  not  protrude  beyond  it. 

Post-Larva:  (Figs.  8B  and  9b).  The  great  majority  of  all 
the  Bermuda  specimens  taken  were  in  the  post-larval  stage  of 
development,  briefly  characterized  externally  by  partially  devel- 
oped teeth  and  paired  fins.  In  all,  seventy-two  specimens  were 
taken,  measuring  from  11  to  30  mm.  Below  are  given  descriptions 
of  typical  examples. 

Trawling  Data:  For  all  characters  except  the  skeletal  system 
the  following  specimen  was  examined:  Department  of  Tropical 
Research  No.  12,890;  Bermuda  Oceanographic  Expeditions  of  the 
New  York  Zoological  Society;  Net  407 ; Sept.  2,  1929;  10  miles  south 
of  Nonsuch  Island,  Bermuda;  900  fathoms;  Standard  length  15  mm. 

For  osteology;  Department  of  Tropical  Research  Nos.  14,730 
and  19,116;  Cleared  and  Stained  Collection  Nos.  865  and  1146; 
Standard  lengths  15  mm  and  12.8  mm  respectively. 

Measurements  and  Counts:  Total  length  17.4  mm;  standard 
length  15  mm;  depth  2.4  (in  length  6.3);  head  4.6  (in  length  3.3); 
eye,  horizontal,  1.6  (in  head  2.9);  eye,  vertical,  1.2  (in  head  3.8); 
snout  1.4  (in  head  3.3);  dorsal  rays  19;  anal  rays  16;  supraclavicular 
process  .7  (in  head  6.6). 

External  Characters:  The  fish  as  a whole  is  dusky  brown,  darker 
than  the  larva,  the  top  of  the  head  transparent,  the  opercles  and 
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abdomen  blackish-brown,  and  the  supraclavicular  process  black 
throughout  its  length. 


Fig.  9.  Bathytroctes  rostratus  Gunther.  Diagram  showing  development  of  teeth  and 
decrease  in  relative  size  of  supraclavicular  process  with  growth.  The  relative  actual  lengths 
of  the  processes  are  indicated  by  the  straight  lines,  a,  larva,  9.5  mm  ; b,  post-larva,  15  mm. ; 
c,  adolescent,  36  mm.;  d,  adult,  ca.  163  mm.  (a,  b and  c from  specimens  taken  by  the  Ber- 
muda Oceanographic  Expeditions;  d,  after  Gunther’s  description  and  figure). 

The  body  is  moderately  compressed  and  elongate,  deepest  at  the 
nape,  and  tapering  regularly  from  here  to  the  caudal  base.  There 
is  no  trace  of  up-turned  urostyle,  yolk  sac  or  finfolds. 
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The  head  and  snout  are  long,  relatively  more  than  twice  as 
large  as  in  the  larva,  and  slightly  longer  than  in  the  adult.  The 
crown  is  somewhat  higher  than  the  nape.  The  forehead  and  snout 
slope  gently  to  the  tip  of  the  jaws,  which  are  well  formed,  the  upper 
protruding  slightly  beyond  the  lower.  Ventrally  the  mandible 
extends  downward  and  back  in  a straight  line  to  the  prominent  angle 
of  the  jaw,  which  is  behind  the  vertical  from  the  posterior  margin  of 
the  eye.  The  eyes  are  elongate,  set  obliquely  in  the  head,  the  pos- 
terior portion  of  the  iris  broader  than  the  anterior  and  the  round  lens 
set  in  the  forward  part  of  an  elliptical  socket.  The  nostrils  are  placed 
high  on  the  snout,  about  midway  between  its  tip  and  the  anterior 
margin  of  the  eye.  The  maxillary  extends  to  a point  halfway 
between  the  verticals  from  the  end  of  the  lens  and  the  posterior 
margin  of  the  iris. 

The  teeth  (Fig.  9b)  are  arranged  as  follows  in  each  half  of  the 
upper  and  lower  jaws:  Premaxillary  4,  the  most  anterior  slightly 
enlarged,  curved,  directed  obliquely  forward.  Maxillary  7,  widely 
set.  Mandibular  ridge  about  10,  smaller  than  those  in  the  maxil- 
lary, more  closely  set,  but  all  in  a single  row.  On  each  side  of  the 
mandibular  symphysis,  below  and  outside  of  the  series  just  described, 
are  three  minute,  feeble  teeth.  On  the  vomer  is  a single  pair  of 
well  developed  teeth. 

There  is  no  trace  of  scales,  though  this  may  be  due  to  the  fact 
that  much  of  the  skin  is  missing.  The  supraclavicular  process  is 
free  from  the  underlying  tissues  except  at  its  base. 

The  pectoral  fins  consist  of  thick,  white  fleshy  pads  with  a 
fringe  of  finfold-like  raylets,  individually  indistinct.  The  pelvics 
are  comparatively  better  developed : in  a good  light  the  bases  of  the 
individual  rays  are  distinctly  visible.  Relatively  they  are  about 
half  as  long  as  they  are  shown  in  the  figure  of  the  adult  type  speci- 
men. The  dorsal  and  anal  are  well  developed,  with  almost  as  many 
rays  as  in  the  adult  and  with  the  ray  bases,  at  least,  individually 
distinct.  The  caudal  is  strongly  developed,  homocercal,  slightly 
forked. 

The  photophore  found  beneath  the  symphysis  of  the  lower  jaw 
in  older  specimens  is  the  only  one  even  partially  developed  in  the 
present  case.  It  is  represented  by  a small,  round,  subcuticular 
white  spot  covered  with  a narrow  band  of  whitish,  transparent  skin 
which  extends  backwards  to  the  junction  of  the  mandibular  liga- 
ments. 
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Osteology:  There  is  absolutely  no  trace  of  ossification  in  apy 
part  of  either  of  the  cleared  specimens,  which  measure  12.8  mm  and 
15  mm. 

Digestive  System:  The  arrangement  of  the  digestive  organs  is 
essentially  the  same  as  in  the  adolescent  fish  described  below  (Fig. 
11).  The  following  differences  are,  however,  marked:  The  intestine 
leaves  the  stomach  directed  straight  forwards  and  proceeds  some 
distance  before  turning  back  upon  itself,  instead  of  curving  back- 
ward at  its  origin;  there  are  no  coils  in  the  region  of  the  pelvic  fin; 
there  are  no  pyloric  caeca;  finally,  the  liver  is  proportionately  smaller. 
The  black  pigment  of  the  stomach  is  quite  as  well  developed  as  in  the 
older  fish. 

Reproductive  System : The  gonads  are  visible  as  two  slender, 
whitish  tubes  lying  the  length  of  the  coelom  against  its  dorsal  wall. 

Adolescent:  (Figs.  8C,  8D  and  9c).  This  stage  is  represented 
in  the  Bermuda  collection  by  five  specimens  measuring  from  28  mm 
to  56  mm.  Intermediate  between  post-larva  and  adult,  its  dis- 
tinguishing external  characteristics  are  the  presence  of  two  equally 
developed  rows  of  teeth  in  the  anterior  part  of  the  mandible  and  a 
number  of  conspicuous  light  organs. 

Trawling  Data:  All  of  the  characters  described  below  except 
those  of  the  skeletal  system  are  taken  from  the  following  specimen: 
Department  of  Tropical  Research  No.  13,081;  Bermuda  Oceano- 
graphic Expedition  of  the  New  York  Zoological  Society;  Net  421; 
September  4,  1929;  10  miles  south  of  Nonsuch  Island,  Bermuda; 
1000  fathoms;  Standard  length  56  mm.  This  is  the  largest  speci- 
men in  the  collection,  a female. 

The  observations  on  the  skeletal  system  were  made  from 
Department  of  Tropical  Research  Nos.  13,467a  and  16,937  (Cleared 
and  Stained  Collection  Nos.  1145  and  863),  measuring  32  mm  and 
38  mm  respectively. 

Measurements  and  Counts:  Total  length  64  mm;  standard 
length  56  mm;  depth  8.6  (in  length  6.5);  head  21  (in  length  2.7); 
eye,  horizontal,  5.6  (in  head  3.7);  eye,  vertical,  4.6  (in  head  4.6); 
snout  5.6  (in  head  3.7);  maxillary  12.4  (in  head  1.7);  pectoral  rays 
17;  pelvic  rays  9;  dorsal  rays  20;  anal  rays  17;  supraclavicular 
process  2.9  (in  head  7.2),  measured  along  its  dorsal  margin,  from 
edge  of  opercle  to  its  most  posterior  tip;  gill  rakers  in  lower  half 
of  first  branchial  arch  13. 
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External  Characters:  In  color  this  adolescent  specimen  is  similar 
to  the  post-larva,  except  that  both  the  brown  body  and  the  blackish 
brown  opercles  and  abdomen  are  slightly  darker.  In  general  con- 
tour and  proportions  the  two  growth  stages  resemble  each  other 
closely,  although  in  the  adolescent  the  head  is  relatively  a very 
little  shorter  and  the  eye  smaller.  The  maxillary  extends  to  a 
point  immediately  beyond  the  vertical  from  the  posterior  margin 
of  the  orbit. 

The  teeth  (Fig.  9c)  are  arranged  as  follows:  In  the  premaxillary 
the  two  teeth  at  the  symphysis  are  well  separated  from  each  other, 
large,  spine-like  and  directed  straight  forward,  the  extreme  tips 
being  slightly  curved  and  (probably  abnormally)  bifurcate.  These 
are  followed  on  each  side  by  a single  row  of  seven  smaller  teeth,  the 
more  anterior  of  which  have  the  bases  considerably  broader  than  the 
tips.  In  each  side  of  the  maxillary  is  a series  of  about  35  teeth,  in 
a single  row,  some  in  pairs,  all  smaller  than  those  on  the  premaxil- 
laries,  but  similar  in  form.  The  mandibular  teeth  in  each  half  of 
the  jaw  are  in  two  distinct  series:  an  inner  row  of  about  35  teeth  set 
in  the  usual  position  along  the  bony  ridge  of  the  mandible,  and  an 
outer  series  of  5 well  developed,  widely  spaced  teeth  placed  on  the 
outer  surface  of  the  anterior  part  of  the  jaw,  entirely  separated 
from  the  inner  series.  (In  the  adult  fish,  near  the  symphysis,  only 
a single  outer  row  is  present,  according  to  the  type  description). 
The  teeth  of  both  rows  are  of  about  the  same  size  as  those  in  the 
maxillary;  the  anterior  ones  of  the  inner  row  are  irregularly  spaced, 
while  posteriorly  they  are  in  close-set  groups  of  from  2 to  6,  the  teeth 
of  each  group  decreasing  in  size  backwards.  On  the  vomer  is  one 
pair  of  strong  teeth,  and  one  small  tooth  is  set  far  back  on  each 
palatine. 

No  trace  of  scales  remains.  The  supraclavicular  process  is 
relatively  smaller  than  in  the  preceding  stages. 

In  all  of  the  fins  the  individual  rays  are  distinct.  The  pelvics 
are  obliquely  inserted  and  extend  for  about  two-thirds  of  the  distance 
between  the  bases  of  their  most  anterior  rays  and  the  origin  of  the 
anal  fin. 

The  arrangement  of  the  light  organs  is  in  agreement  with  Nor- 
man's description  and  figures  (1930,  p.  268,  fig.  1,  and  PI.  II,  fig.  3). 
The  round,  photophore-like  mental  organ  beneath  the  tip  of  the 
lower  jaw  lies  in  the  anterior  end  of  a shallow  trough  and  is  directed 
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backwards  and  downwards.  The  trough  is  2.1  mm  in  length, 
narrowing  posteriorly,  rimmed  with  luminous  material  and  covered 
with  a transparent,  convex  roof  of  tissue  which  projects  below  the 
surface  of  the  surrounding  skin.  It  is  possible  that  the  edges  of  the 
trough  can  be  brought  together,  shutting  off  the  light  completely. 
Of  all  the  luminous  organs,  this  is  by  far  the  most  highly  developed. 


Fig.  10.  Bathytroctes  rostratus  Gunther.  Diagram  of  supraclavicular  process,  showing 
its  relation  to  pectoral  girdle  and  lateral  line.  (From  a cleared  specimen  32  mm.  in  length.) 

The  organs  of  the  isthmus  and  operculum  shown  in  Norman's 
plate  are  found  to  be  located  on  the  branch iostegal  rays:  The  most 
anterior  three  are  on  the  left  gill  flap  only,  since  this  overlaps  the 
right  across  the  isthmus;  posterior  to  this  a single  organ  (which 
resembles  an  area  of  luminous  tissue  rather  than  a definite  photo- 
phore)  is  found  on  each  branchiostegal  ray  on  both  sides. 

On  the  trunk  the  organs  are  arranged  as  in  Norman's  figure  of 
a 47  mm  fish.  Those  behind  the  pectorals  and  on  the  sides  of  the 
caudal  peduncle,  however,  are  exceedingly  faint.  This  may  be  due 
either  to  damage  or,  as  is  more  probable,  to  the  fact  that  they  are 
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already  disappearing,  since  all  of  the  light  organs  are  supposedly 
absent  in  the  adult.  These  faint  photophores  are  just  the  ones 
omitted  by  Brauer  in  his  plate  (1906,  PL  XIII)  of  an  81  mm  speci- 
men. In  the  present  example  the  two  organs  on  the  ventral  surface 
immediately  in  front  of  the  pelvic  fins  are  connected  by  a narrow, 
white  depression.  The  unpaired  organ  between  the  pelvics  is  not 
so  distinct  as  that  described  by  Norman,  and  its  luminous  spots  seem 
to  be  on  each  side  of  it  rather  than  before  and  behind  it. 

In  cleared  specimens  the  supraclavicular  process  is  seen  to  be 
a retort-shaped  sac,  with  a posteriorly  directed  neck  terminating 
in  a single  pore.  This  seems  to  be  the  only  opening,  external  or 
internal,  to  the  organ,  which  arises  just  interior  to  the  pectoral 
girdle  at  the  junction  of  the  supraclei thrum  and  clei thrum,  well 
below  the  lateral  line.  The  posterior  part  of  the  sac  and  the  entire 
neck  are  exterior  to  the  body  wall.  It  is  possible  that,  instead  of 
being  greatly  reduced  in  relative  size  in  larger  specimens,  as  is 
generally  believed,  the  organ  merely  has  a smaller  part  of  its  surface 
projecting  exteriorly.  (Figs.  9c  and  10). 

Osteology:  In  the  32  mm  specimen  the  ossification  is  as  a whole 
very  slight,  but  is  evident  on  the  upper  and  lower  jaws,  teeth, 
vomer,  quadrate,  branchiostegal  rays,  gill-rakers,  opercles,  post- 
temporal, supracleithrum  and  cleithrum.  Traces  are  found  on  the 
urostyle,  but  otherwise  both  the  vertebral  column  and  the  fins  are 
entirely  unossified. 

In  the  38  mm  specimen  exactly  the  same  areas  are  ossified, 
but  more  strongly,  and  in  addition  the  parasphenoid  shows  a mod- 
erate degree  of  ossification. 

The  general  structure  of  the  skull  closely  resembles  that  of 
Alepocephalus  (See  Gregory  1933,  fig.  51). 

Digestive  System  (Fig.  11).  The  black,  thick- walled  stomach  of 
the  56  mm.  specimen  is  V-shaped,  the  apex  being  posteriorly  directed. 
Its  dorsal  arm,  from  the  end  of  the  oesophagus  to  the  apex,  measures 
7.8  mm;  the  lower  arm,  from  apex  to  pylorus,  5.7  mm.  Almost 
entirely  surrounding  the  pylorus  is  a fringe  of  23  short  caeca.  From 
here  the  whitish  intestine  extends  straight  backwards  to  the  anus, 
except  for  one  and  one-half  convolutions  immediately  in  front  of 
the  pelvic  fin.  The  liver  is  bi-lobed,  each  half  extending  partway 
up  over  the  wall  of  the  upper  half  of  the  stomach  and  the  whole 
entirely  filling  the  V formed  by  the  curve  of  the  stomach  upon 
itself. 
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Reproductive  System : The  slender,  ribbon-like  ovaries  extend 
from  close  behind  the  plane  of  the  origin  of  the  pectoral  fin  nearly 
to  the  anus.  They  lie  flat  against  the  dorsal  wall  of  the  coelom  with 
a considerable  space  between  them  in  the  midline.  The  specimen 


is  obviously  not  in  breeding  condition,  but  about  200  minute  eggs 
can  be  counted  in  each  ovary. 

Summary  of  Development:  The  following  resumes  of  the 
characteristics  of  each  growth  stage  and  of  the  order  of  their  devel- 
opment are  based  upon  a study  of  all  of  the  specimens  in  the  Ber- 
muda collection. 


Summary  of  the  Changes  Taking  Place  During  Growth 

Larva:  9.5  to  12.6  mm.  Yolk  sac  present;  jaws  feeble,  toothless; 
snout  and  head  very  short;  eyes  large,  slightly  elongate,  oblique- 
ly set;  caudal  alone  of  the  fins  functionally  well  developed  and 
it,  like  the  dorsal  and  anal,  still  in  the  finfold  stage;  other 
finfolds  persisting  along  anterior  part  of  back  and  between  yolk 
sac  and  anus;  a third  finfold  possibly  present  between  anterior 
and  posterior  dorsal  folds;  pectoral  a fleshy  pad;  pelvic  invisible; 
external  portion  of  supraclavicular  process  proportionately 
longer  than  in  later  stages;  pigment  general,  moderately  dense 
except  on  nearly  colorless  head  and  fins;  no  light  organs. 

Transition:  10  to  14  mm.  Traces  of  yolk  sac  remaining;  jaws  taking 
form;  teeth  appearing,  with  mandibular  teeth  uniserial  and 
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on  bony  ridge  only;  snout  and  head  proportionately  longer  than  in 
larva,  but  still  shorter  than  in  adult;  remains  of  finfolds  and 
external urostyle; beginning  of  pectoral  raylets; pelvic  appearing; 
vertical  finrays  appearing. 

Post-larva:  11  to  23  mm.  No  yolk  sac;  adult  proportions  of  head 
established,  or  head  and  snout  slightly  longer  than  in  adult; 
outer  row  of  mandibular  teeth  appearing;  premaxillary  fangs 
slightly  protruding,  curved  throughout  length;  other  teeth 
few  fhan  in  adolescent;  pectoral  with  raylets  and  developing 
bases;  pelvic  about  half  developed,  the  bases  of  the  rays  distinct 
in  the  latter  part  of  the  stage;  dorsal,  anal  and  caudal  fins 
entirely  formed,  the  caudal  forked;  supraclavicular  process 
proportionately  shorter  than  in  larva;  beginning  of  mental 
photophore;  no  ossification;  intestine  without  convolutions  in 
posterior  section;  no  caeca;  reproductive  organs  distinguishable, 
but  undeveloped. 

Transition:  22  to  30  mm.  All  fins  fully  developed;  ossification 
beginning  on  head  and  caudal  base;  beginning  of  branchiostegal 
and  trunk  photophores. 

Adolescent:  28  to  56  mm.  Extra-mandibular  rows  of  teeth  well 
developed,  equal  to  or  longer  than  those  of  the  inner  row,  all 
of  which  still  persist;  first  premaxillary  tooth  greatly  enlarged, 
directed  straight  forward,  with  the  tip  alone  slightly  curved; 
dorsal  fin  a little  further  forward  than  in  adult;  light  organs  at 
maximum  development;  ossification  present  only  on  head, 
clei thrum  and  base  of  caudal;  intestine  convoluted  in  posterior 
portion,  numerous  caeca  present;  gonads  not  fully  developed. 

{Adult:  From  published  descriptions.  Extra-mandibular  row  of 
teeth  persist,  those  corresponding  to  them  on  the  bony  ridge, 
lacking;  no  light  organs). 


Order  of  Development  of  Principal  Characters 

KEY: 

Development  rudimentary. 

Half  developed. 

Fully  developed  (i.  e.  in  regard  to  appearance  and  proportions,  but  not 

in  actual  size). 


LARVA 

Number  of  Specimens  12 

Locality  Bermuda 

Season  May,  June 


POST-LARVA  ADOLESCENT 
72  5 

Bermuda  Bermuda 

April  to  Sept.  July  to  Sept. 
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Order  of  Development  of  Principal  Characters — Continued 

LARVA  POST-LARVA  ADOLESCENT 

Vertical  Distribution  500  to  800  F.  500  to  1000  F.  800  to  1000  F. 

Length  9.5  to  14  mm  11  to  30  mm  28  to  56  mm 

Growth  Characters: 

Size  of  external  supra- 
clavicular process  

Yolk  sac  

Profile  finfolds  

Heterocercal  caudal  fold ^ 

Homocercal  caudal  fin  

Pigment  — - - — 

Eye,  size  and  shape  — 

Head  length  - ' 

Snout  and  jaws  

Dorsal  and  anal  fins  — 

Pectoral  fin  - 

Black,  sac-like  stomach — 

Pelvic  fin  

Teeth  — 

Photophores  

Caeca  

Intestinal  convolution 

Development  of  gonads  - 

Ossification  of  skull  

Ossification  of  cleithrum  

Ossification  of  urostyle  .............. 

Ecology 

Vertical  and  Seasonal  Distribution:  The  accompanying 
table  (Fig.  12)  shows  the  vertical,  monthly  and  yearly  distribution 
of  the  specimens  of  Bathytroctes  rostratus  taken  off  Bermuda.  The 
graph  (Fig.  13)  indicates  that  the  majority  of  the  specimens  were 
taken  between  600  and  800  fathoms,  with  an  extreme  range  of  500 
to  1000  fathoms.  On  the  chart  of  the  world  distribution  of  the 
species  (Fig.  7)  the  same  data  are  given  for  comparison  with  the 
vertical  distribution  of  previously  recorded  specimens. 

Fig.  14  shows  that  the  months  of  greatest  abundance  were  May, 
July  and  September. 

A study  of  the  following  table  results  in  the  conclusion  that, 
unlike  many  other  deep-sea  fishes,  there  is  no  relationship  discernible 
between  month,  depth,  and  length,  although  the  youngest  fish  have 
been  taken  in  the  spring  only,  while  the  oldest  of  the  specimens 
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occurred  in  summer  and  fall.  (Fig.  15  gives  the  same  data  in  graph 
form). 

It  will  be  noted  that  both  the  average  monthly  depth  and  the 
average  monthly  length  show  remarkably  little  variation. 


Fig.  12.  Bathytroctes  rostratus  Gunther.  The  vertical,  monthly  and  yearly  distribution 
of  the  specimens  taken  by  the  Bermuda  Oceanographic  Expeditions. 


Sociability:  Bathytroctes  rostratus  does  not  seem  to  be  gre- 
garious even  in  the  larval  and  post-larval  stages.  In  the  majority 
of  cases  the  Bermuda  specimens  occurred  singly  in  the  nets,  in 
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eight  nets  only  were  there  two  specimens  found  together,  in  one 
three  and  in  one  four.  In  the  last  case  one  larva  was  found  with 
three  young  post-larvae,  while  in  another  a 13  mm  fish  was  found 
with  one  of  21  mm  and  a 22  mm  specimen  with  one  of  32  mm;  in 


Fig.  13.  (Left).  Bathytroctes  rostratus 
Gunther.  The  vertical  distribution  of  the 
specimens  taken  by  the  Bermuda  Oceano- 
graphic Expeditions. 

Fig.  14.  (Right).  Bathytroctes  rostra- 
tus Gunther.  The  seasonal  distribution 
of  the  specimens  taken  by  the  Bermuda 
Oceanographic  Expeditions.  The  solid 
line  is  based  upon  the  actual  number  of 
specimens  taken ; the  broken  line  upon  the 
number  which  would  theoretically  have 
been  caught  if  as  many  nets  had  been 
drawn  every  month  as  during  September.1 


the  remaining  cases  the  specimens  appearing  together  were  of  ap- 
proximately the  same  size  and  stage  of  development.  However,  it 
seems  probable  that  these  isolated  instances  of  apparent  sociability 
are  accidental:  It  must  be  remembered  that  each  net  was  drawn 
through  the  water  for  a period  of  four  hours  or  more. ' All  previously 
recorded  specimens  seem  to  have  been  taken  singly. 


See  Introduction,  p.  7. 


52 


Zoologica:  N.  Y.  Zoological  Society 


[XVI;  2 


Fig.  15.  Bathytroctes  rostratus  Gunther.  The  relation  of  month  of  capture  to  average 
length  (dotted  line),  average  depth  (solid  line)  and  theoretical  numerical  abundance1  (broken 
line),  all  based  on  the  total  number  of  specimens  taken  by  the  Bermuda  Oceanographic 
Expeditions. 

1 See  fig.  14  and  Introduction,  p 7. 
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Relation  of  Month,  Number  of  Specimens,  Depth, 
Length  and  Growth  Stage 


Month 

Number 

Depth  in  Fath.:  Length  in  mm: 

Extremes  Average  Extremes  Average 

Growth  Stages 

April 

3 

600-1000; 

800 

12  to  21; 

17.3 

Post-larval 

May 

16 

500-1000; 

687 

10  to  25; 

13.8 

Larval,  Post-larval 

June 

13 

500-1000; 

785 

10  to  25; 

14.8 

Larval,  Post-larval 

July 

26 

500-1000; 

769 

10  to  38; 

16.1 

Post-larval,  Adoles- 
cent 

Aug. 

6 

500-  900; 

683 

14  to  36; 

20.2 

Post-larval,  Adoles- 
cent 

Sept. 

25 

500-1000; 

724 

10  to  56; 

19.8 

Post-larval,  Adoles- 
cent 

Total 

89 

500-1000; 

739 

10  to  56; 

16.1 

Larval,  Post-larval, 
Adolescent 

Abundance:  Bathytroctes  rostratus  is  uncommon  among  the 
deep  sea  fish  taken  off  Bermuda.  It  occurred  in  7.1  per  cent  of  all 
of  the  nets  drawn  between  500  and  1000  fathoms,  the  limits  of  its 
vertical  distribution  in  this  area. 

Food  : The  stomach  contents  of  six  specimens  consisted  entirely 
of  the  remains  of  crustaceans,  distributed  as  follows: 


Length  of  Specimen 

Contents  of  Stomach 

Depth 

15  mm 

1 well  digested  Copepod 

500  Fath. 

15  mm 

Finely  digested  Crustacean 

800  Fath. 

17  mm 

Empty 

700  Fath. 

25  mm 

1 Copepod 

900  Fath. 

1 Sapphirina 

32  mm 

Empty 

900  Fath. 

56  mm 

1 Shrimp 

1000  Fath. 

1 Sapphirina 

1 Gammarid 

Study  Material 

The  following  list  gives  the  catalogue  number,  depth  in  fathoms, 
date,  length  and  growth  stage  of  each  specimen  of  Bathytroctes 
rostratus  taken  by  the  Bermuda  Oceanographic  Expeditions.  All 
were  caught  in  the  cylinder  of  water  off  the  Bermuda  coast  described 
on  p.  5.  “Lar.  Trans.”  indicates  the  Transition  Stage  between 
Larva  and  Post-Larva.  “P.-lar.  Trans.”  indicates  the  Transition 
Stage  between  Post-larva  and  adolescent. 
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No.  8,827a;  Net 

22;  600  F.; 

April 

No.  9,576 

Net 

35; 

; 800  F.; 

April 

No.  9,604 

Net 

44;  1000  F.; 

April 

No.  9,743 

Net 

60; 

; 500  F.; 

May 

No.  10,102 

Net 

131; 

; 800  F.; 

May 

No.  10,245 

Net 

136;  700  F.; 

May 

No.  10,397 

Net 

158; 

; 500  F.; 

June 

No.  10,426 

Net 

169 

1000  F.; 

June 

No.  10,497 

Net 

174 

900  F.; 

June 

No.  10,702 

Net 

196 

800  F.; 

June 

No.  10,819 

Net 

207 

700  F.; 

June 

No.  11,135 

Net 

241 

800  F.; 

June 

No.  11,188 

Net 

245 

800  F.; 

July 

No.  11,243 

Net 

251 

800  F.; 

July 

No.  11,356 

Net 

267 

600  F.; 

July 

No.  11,385 

Net 

275 

800  F.; 

July 

No.  11,399 

Net 

277 

1000  F.; 

July 

No.  11,442 

Net 

281 

800  F.; 

July 

No.  11,868 

Net 

329 

800  F.; 

July 

No.  12,335 

Net 

375 

800  F.; 

Aug. 

No.  12,890 

Net 

407 

900  F.; 

Sept. 

No.  12,973 

Net 

412 

800  F.; 

Sept. 

No.  13,061 

Net 

418 

700  F.; 

Sept. 

No.  13,081 

Net 

421 

1000  F.; 

Sept. 

No.  13,467 

Net 

466 

900  F.; 

Sept. 

No.  13,571;  Net 

478;  500  F.; 

Sept. 

No.  14,723 

Net 

542 

900  F.; 

May 

No.  14,730 

Net 

539 

600  F.; 

May 

No.  14,791 

Net 

547 

1000  F.; 

May 

No.  14,829 

Net 

553 

700  F.; 

May 

No.  15,063 

Net 

589 

700  F.; 

May 

No.  15,204;  Net 

596 

600  F.; 

May 

No.  15,279; 

; Net 

618 

500  F.; 

May 

No.  15,349a;  Net 

627 

600  F.; 

May 

No.  15,452; 

; Net 

638 

600  F.; 

May 

No.  15,518b;  Net 

647 

700  F.; 

May 

No.  16,301 

Net 

738 

800  F.; 

June 

No.  16,442 

Net 

754 

700  F.; 

July 

No.  16,448 

Net 

755 

800  F.; 

July 

No.  16,937 

Net 

757 

1000  F.; 

July 

No.  16,683 

Net 

759 

700  F.; 

July 

No.  16,595 

Net 

765 

500  F.; 

July 

15,  1929;  21  mm;  Post-larva. 

24,  1929;  12  mm;  Post-larva. 

25,  1929;  19  mm;  Post-larva. 

3,  1929;  13  mm;  Larva. 

27,  1929;  25  mm;  P.-lar.  Trans. 

30,  1929;  14  mm;  Post-larva. 

12,  1929;  14,  15  mm;  Lar.  Trans  & 

Post-larva. 

14,  1929;  15,  15,  15  mm;  Post-larvae. 

15,  1929;  25  mm;  P.-lar.  Trans. 

20,  1929;  17  mm;  Post-larva. 

22,  1929;  13,  13  mm;  Post-larvae. 

29,  1929;  14  mm;  Post-larva. 

1,  1929;  15  mm;  Post-larva. 

4,  1929;  15  mm;  Post-larva. 

8,  1929;  17,  17  mm;  Post-larvae. 

9,  1929;  13  mm;  Post-larva. 

9,  1929;  14  mm;  Post-larva. 

10,  1929;  10  mm;  Lar.  Trans. 

27,  1929;  15,  15  mm;  Post-larvae. 

15,  1929;  36  mm;  Adolescent. 

2,  1929;  15  mm;  Post-larva. 

3,  1929;  21  mm;  Post-larva. 

4,  1929;  17  mm;  Post-larva. 

4,  1929;  56  mm;  Adolescent. 

12,  1929;  22,  32  mm;  P.-lar.  Trans.  & 

Adolescent. 

20,  1929;  9.5  mm;  Lar.  Trans. 

6,1930;  13  mm;  Post-larva. 

6,  1930;  15  mm;  Post-larva. 

7,  1930;  15  mm;  Post-larva. 

9,  1930;  12  mm;  Post-larva. 

17,  1930;  9.5,  11,  12,  13  mm;  Larva  & 
3 Lar.  Trans. 

19,  1930;  11  mm;  Post-larva. 

22,  1930;  16  mm;  Post-larva. 

23,  1930;  13  mm;  Post-larva. 

28,  1930;  12  mm;  Post-larva. 

29,  1930;  15  mm;  Post-larva. 

28,  1930;  9.5  mm;  Larva. 

1,  1930;  12,  15,  16  mm;  Post-larvae. 

1,  1930;  11  mm;  Lar.  Trans. 

1,  1930;  38  mm;  Adolescent. 

2,  1930;  15  mm;  Post-larva. 

3,  1930;  17  mm;  Post-larva. 
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No. 

16,610 

Net 

767; 

; 800 

F.; 

July 

3, 

1930; 

No. 

16,657 

Net 

775 

1000 

F.; 

July 

4, 

1930; 

No. 

16,722 

Net 

778 

700 

F.; 

July 

5, 

1930; 

No. 

16,873 

Net 

796 

1000 

F.; 

July 

9, 

1930; 

No. 

17,010 

Net 

798 

600 

F.; 

July 

15, 

1930; 

No. 

17,044 

Net 

800 

800 

F.; 

July 

15, 

1930; 

No. 

17,205 

Net 

807 

800 

F.; 

July 

16, 

1930; 

No. 

17,418 

Net 

810 

600 

F.; 

Aug. 

28, 

1930; 

No. 

17,624 

Net 

830 

700 

F.; 

Sept. 

2, 

1930; 

No. 

18,075 

Net 

860 

600 

F.; 

Sept. 

8, 

1930; 

No. 

18,084 

Net 

861 

700 

F.; 

Sept. 

8, 

1930; 

No. 

18,100 

Net 

862 

800 

F.; 

Sept. 

8, 

1930; 

No. 

18,301 

Net 

866 

700 

F.; 

Sept. 

10, 

1930; 

No. 

18,448 

Net 

880 

500 

F.; 

Sept. 

12, 

1930; 

No. 

18,504 

Net 

884 

800 

F.; 

Sept. 

13, 

1930; 

No. 

18,514 

Net 

887 

900 

F.; 

Sept. 

13, 

1930; 

No. 

18,604 

Net 

890 

600 

F.; 

Sept. 

15, 

1930; 

No. 

18,698 

Net 

902 

700 

F.; 

Sept. 

17, 

1930; 

No. 

18,975 

Net 

921 

500 

F.; 

Sept. 

20, 

1930; 

No. 

19,116 

Net 

923 

600 

F.; 

Sept. 

20, 

1930; 

No. 

19,041 

Net 

927 

500 

F.; 

Sept. 

22, 

1930; 

No. 

19,213 

Net 

933 

600 

F.; 

Sept. 

23, 

1930; 

No. 

19,447 

Net 

953 

1000 

F.; 

Sept. 

26, 

1930; 

No. 

20,554 

Net 

985 

700 

F.; 

June 

2, 

1931; 

No. 

20,665 

Net 

1001 

800 

F.; 

June 

5, 

1931; 

No. 

21,719 

Net 

1109 

600 

F.; 

July 

27, 

1931; 

No. 

21,932 

Net 

1137 

600 

F.; 

Aug. 

6, 

1931; 

No. 

21,953 

Net 

1139 

700 

F.; 

Aug. 

6, 

1931; 

No. 

22,542 

Net 

1193 

500 

F.; 

Aug. 

18, 

1931; 

No. 

22,717 

Net 

1213 

900 

F.; 

Aug. 

21, 

1931; 

No. 

23,180 

Net 

1272 

700 

F.; 

Sept. 

7, 

1931; 

No. 

23,581 

Net 

1316 

800 

F.; 

Sept. 

17, 

1931; 

12,  13  mm;  Lar.  Trans.  & 

Post-larva. 

12  mm;  Post-larvae. 

19  mm;  Post-larva. 

17  mm;  Post-larva. 

13  mm;  Post-larva. 

13,  21  mm;  Post-larvae. 

28  mm;  Adolescent. 

14  mm;  Post-larva. 

19  mm;  Post-larva. 

14  mm;  Post-larva. 

16  mm;  Post-larva. 

29  mm;  P.-lar.  Trans. 

16,  16  mm;  Post-larvae. 


17  mm 

14  mm 
23  mm 
17  mm 

12  mm 
30  mm 

13  mm 
19  mm 

15  mm 

16  mm 


Post-larva. 

Post-larva. 

Post-larva. 

Post-larva. 

Post-larva. 

P.-lar.  Trans. 

Lar.  Trans. 

Post-larva. 

Post-larva. 

Post-larva. 


11  mm 

15  mm 

16  mm 
15  mm 
26  mm 
15  mm 
13  mm 

17  mm 
20  mm 


Post-larva. 

Post-larva. 

Post-larva. 

Post-larva. 

P.-lar.  Trans. 

Post-larva. 

Post-larva. 

Post-larva. 

Post-larva. 


Nos.  13,467a  (KOH  No.  1145),  14,730  (KOH  No.  865),  16,937 
(KOH  No.  863)  and  19,116  (KOH  No.  1146)  have  been  cleared  and 
stained  in  order  to  study  the  skeleton.  The  following  outline  draw- 
ings are  filed:  B733,  B733a,  B870-875  inch 


Synonymy  and  References 

Bathytroctes  rostratus 

Gunther  1878,  p.  250.  (1  specimen;  6.5  in;  675  fath.;  off 

Pernambuco;  type  specimen). 

Gunther  1887,  p.  227,  pi.  LVIII,  fig.  13.  (Supplementary  descrip- 
tion of  type  specimen). 
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Goode  and  Bean  1895,  p.  41.  (Resume  of  type  description). 

Koehler  1896,  p.  516.  (1  specimen;  length  questionable;  1700  m.; 

Bay  of  Biscay). 

Brauer  1906,  p.  17,  pi.  XLV,  figs.  2,  3.  (1  specimen;  81  mm; 

2000  m.;  between  Cocos  and  Sumatra). 

Holt  and  Byrne  1908,  p.  45,  pi.  IV,  figs.  3,  4,  5.  (6  specimens; 

10  to  32  mm;  650  to  1000  fath.;  west  coast  of  Ireland). 

Zugmayer  1911,  p.  5,  pi.  I,  fig.  1.  (7  specimens;  14  to  150  mm; 

4750  (to  0)  m.;  Mediterranean  and  Coast  of  Portugal). 

Murray  and  Hjort  1912,  p.  394,  pi.  IX.  (2  or  more  specimens; 
9 to  52  mm;  south  of  Azores  and  off  Tangier). 

Barnard  1925,  p.  122.  (1  specimen;  ca.  165  mm  (?);  700  fath.; 

off  Cape  Point,  South  Africa). 

Norman  1930,  p.  268,  pi.  II,  fig.  3.  (4  specimens;  30  to  47  mm; 

350  to  1000  m.;  off  Cape  Town). 

Roule  and  Angel  1933,  p.  6.  (7  specimens;  up  to  155  mm;  (0) 

to  3000  m.;  Eastern  Atlantic,  Bay  of  Biscay  to  Madeira). 
Bathytroctes  proroscopus 

Brauer  1902,  p.  43.  (5  specimens;  11.5  to  17  mm;  1500  to  2000 

m.;  Indian  Ocean.  Synonymized  with  B.  rostratus  by  Brauer 
in  1906). 

Genus^Dolichopteryx  Brauer  1901 

Generic  Characters:  Form  elongate,  almost  cylindrical; 
scales,  when  present,  rudimentary;  eyes  probably  always  telescopic; 
snout  long  with  a small  mouth  at  the  tip;  teeth,  when  present,  in 
either  upper  or  lower  jaw  or  in  both;  branchiostegals  2;  paired  fins 
well  developed,  moderately  close  to  ventral  profile;  dorsal  originating 
in  front  of  anal,  both  fins  short,  in  posterior  part  of  body. 

The  character  of  the  skull  and  opercles,  and  the  structure  of 
the  jaws  in  particular,  unquestionably  place  the  genus  among  the 
Isospondyls,  and  not  with  the  Iniomi  as  suggested  by  Roule  and 
Angel  (1930,  p.  75),  and  I agree  with  Brauer  (1906,  p.  24-25)  and 
Norman  (1930,  p.  271)  that  it  should  be  included  in  the  family 
Alepocephalidae. 

Number  of  Species;  Discussion  of  Synonymy: Three  species — 
D.  longipes  (Vaillant  1888),  D.  anascopa  Brauer  1902,  and  D. 
binocularis  Beebe  1932 — have  been  described,  of  which  perhaps  only 
the  first  and  last  are  valid.  The  table  on  p.  58  lists  the  com- 
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parable  data  available  for  each  of  the  specimens  of  the  genus  which 
have  been  previously  recorded,  as  well  as  for  those  of  the  present 
series.  From  this  table  it  is  apparent  that  both  of  Norman's 
specimens  (1930,  p.  271)  and  the  52  mm  Dolichopterygiella  of  Roule 
and  Angel  (1930,  p.  73;  total  length  58  mm)  approach  D.  binocularis 
in  their  slenderness,  small  heads,  and  elongate  paired  fins,  while  the 
remaining  specimens  of  the  series  are,  allowing  for  differences  in 
size,  comparatively  homogeneous  in  their  greater  depths  and  longer 
heads.  The  fact  that  one  of  the  Bermuda  specimens,  only  35  mm 
in  length,  is  not  far  from  breeding  condition  and  has  the  skeleton 
well  ossified  makes  it  probable  that  Norman  is  over-stressing  the 
small  size  of  Variant's  and  Brauer's  specimens  in  order  to  explain  the 
lack  of  agreement  between  the  proportions  of  their  fish  and  his. 
Also,  the  differences  among  the  four  Bermuda  specimens  described 
in  the  coming  pages  as  longipes  do  not  seem  to  be  sexual.  Hence 
the  existence  of  still  another  species  among  the  known  specimens  of 
the  genus  is  possible,  although  this  point  cannot  be  decided  until  all 
of  these  recorded  examples  have  been  examined  at  one  time  after 
additional  material  has  been  secured. 

In  the  compilation  of  the  table  it  was  occasionally  necessary, 
for  the  sake  of  uniformity,  to  calculate  the  standard  length  and  cer- 
tain proportions  of  a specimen  from  the  drawing  accompanying  the 
description.  For  example,  Roule  and  Angel  (1930,  p.  69  ff)  have 
sometimes  employed  the  standard  length  and  sometimes  the  total 
as  the  basis  for  their  calculations  of  proportions. 

Their  25  mm  specimen  (ibid.  p.  70,  pi.  IV,  fig.  90),  of  the 
Dolichopterygiella  series  is  omitted  from  the  table  because,  in  com- 
parison with  the  23  mm  Bermuda  adolescent  described  in  the 
present  paper  (Fig.  20A),  it  seems  impossible  that  the  former  young 
fish  can  belong  to  the  genus  Dolichopteryx.  The  following  are  the 
principal  objections:  The  specimen  of  Roule  and  Angel  lacks  pel  vies 
(although  they  are  described  as  present  in  the  8 mm  specimen  of 
the  same  series)  while  they  are  well  developed  in  my  fish  of  compar- 
able size;  similarly,  telescopic  eyes,  a well  developed  anal  fin  and 
characteristically  deep  caudal  peduncle  are  all  found  in  my  specimen, 
though  lacking  in  the  Dolichopterygiella.  Finally,  the  anterior 
position  of  the  dorsal  fin  and  the  shape  of  the  snout  in  the  drawing  of 
the  latter  fish  suggest  that  this  may  be,  instead,  a young  argentinid. 

Geographical  Distribution:  Dolichopteryx  has  been  reported 
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from  the  North  and  South  Atlantic  and  the  Indian  Oceans.  (Fig. 
19). 

Vertical  Distribution:  The  genus  has  been  taken  between 
191  amd  2187  fathoms  (350  and  4000  meters),  the  Bermuda  speci- 
mens occurring  between  400  and  800  fathoms  (732  and  1463  meters). 
Between  the  latter  depths  temperatures  in  the  trawling  cylinder 
range  between  63.1°  and  40°  Fah.  (17.3°  and  10.3°  Cent.). 

Abundance  and  Sociability:  Although  only  15  specimens  of 
this  genus,  including  the  5 of  the  Bermuda  series,  have  ever  been 
taken,  in  two  cases  2 specimens  were  caught  in  the  same  net. 

Viability:  Not  only  has  no  Dolichopteryx  ever  been  recorded  as 
taken  alive,  but  it  is  one  of  the  most  delicate  of  deep-sea  fishes,  few 
of  the  specimens  having  been  caught  in  good  condition. 

Dolichopteryx  binocularis  Beebe  1932 

Type:  (Fig.  16).  Department  of  Tropical  Research  No. 
21,867;  Bermuda  Oceanographic  Expeditions  of  the  New  York 
Zoological  Society;  Net  1125;  August  4,  1931;  14  miles  south-east  of 
Nonsuch  Island,  Bermuda;  400  fathoms;  Standard  length  85  mm. 

Measurements  and  Counts:  Total  length  101  mm;  standard 
length  85  mm;  depth  5 (in  length  17);  head  17  (in  length  5);  eye 
diameter  3.1  (in  head  5.5);  snout  7.1  (in  head  2.4);  pectoral  rays 
6 + 8 = 14;  pectoral  length  55;  pelvic  rays  3 + 6 =9;  pelvic 
length  15;  dorsal  rays  15;  anal  rays  11;  caudal  rays  XIII  + 10  + 
9 + XIII. 

General  Description:  The  recently  caught  ffeh  as  a whole 
appears  as  transparent  white,  with  dark  muzzle,  five  large,  ventral 
blotches,  and  a midline  of  dark  chromatophores.  The  upper  lip 
is  white,  the  jaws  solidly  dusky,  thinning  into  individual,  black, 
round  chromatophores  back  almost  to  the  eyes;  this  pigment  is  close 
over  the  bone  of  the  jaws,  far  beneath  the  outer,  white,  transparent 
skin;  directly  below  the  eyes  are  fourteen  large,  purplish  dendritic 
chromatophores,  six  in  a straight  row,  the  others  in  a bow  shape 
below;  on  the  side  of  the  midbrain  and  back  of  the  hind  brain  are  solid 
masses  of  almost  fused,  black  chromatophores;  a large,  triangular 
patch  of  many,  very  small  ones  over  the  lower  angle  of  the  gill  arches; 
another  large  patch  of  disconnected  ones  directly  over  the  heart 
which  lies  just  below  the  pectorals;  on  the  ventral  surface  are  five 
dense  patches  of  black  showing  purple  glints;  the  fourth  merges  with 
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the  fifth  far  back  beneath  the  ventrals;  along  the  midline  of  the  body 
a single  row  of  iridescent  or  black  chromatophores;  these  are  arranged 
into  successive  groups,  the  more  anterior  of  three  to  five  chromato- 
phores; from  the  midbody  back  the  groups  increase  in  number  of  com- 
ponents— five  to  ten — each  group  forming  a short,  oblique  line,  at  a 
slight  downward  angle;  midway  between  this  line  and  the  back  is  a 
second  line  of  a very  few,  widely  spread,  large  chromatophores, 
twenty- two  altogether,  quite  irregular  as  regards  spacing,  two  together 
or  singly;  from  halfway  between  the  end  of  the  dorsal  and  the  caudal 
the  parallel-sided  peduncle  is  thickly  peppered  with  large  and  small, 
separate,  dendritic  chromatophores,  there  being  a clear  space  along 
the  midline. 

The  body  is  greatly  elongate,  almost  cylindrical,  with  the  dorsal 
and  ventral  surfaces  nearly  parallel.  The  head  narrows  slowly  into 
a broad,  rounded  muzzle.  The  eyes,  once  and  a half  as  high  as 
wide,  project  well  above  the  profile  and  are  slanted  forward  10° 
from  the  vertical.  Separated  from  each  other  only  by  the  narrow, 
spine-like  forward  projection  of  the  frontal,  they  rest  in  a great 
depression  much  larger  than  the  eyeballs  themselves,  the  upper 
part  covered  with  perfectly  transparent  tissue.  The  eye  stalks 
are  thick,  short,  dark,  the  summits  clear,  swollen,  rounded.  The 
eyeballs  are  overlaid  on  the  front  and  outer  side  with  longitudinal, 
prismatic,  spicule  scales,  giving  off  blue,  green  and  bronze  reflections, 
while  their  bases  rest  in  shallow  saucers  of  silver  spicules.  On  the 
outside  the  black  of  the  eyeball  extends  upward  in  a rounded  bay, 
which  carries  a large,  pale  white  photophore,  opening  obliquely 
down  and  back  in  a silvery  trough.  The  nostrils  are  round,  close 
together,  and  about  a quarter  of  the  distance  between  the  tip  of 
the  snout  and  the  anterior  margin  of  the  eye.  The  mouth  is  very 
small,  horizontal. 

There  is  a single  series  of  about  30  very  small,  close-set,  incurved 
teeth  in  the  mandible.  In  the  upper  jaw  there  are  four  to  five  rows 
of  teeth.  Externally,  on  the  cleared,  outer  surface  of  the  lips  and 
jaw  the  bases  of  these  can  be  distinguished  as  separately  ossified, 
mosaic-like,  irregularly  arranged  crescents  or  kidney-shaped  bony 
plates.  Within  the  jaw  each  of  these  gives  rise  to  a long,  recurved 
tooth,  all  of  which  teeth  lie  flat  in  a solid  mass  against  the  roof  of 
the  jaw. 

In  the  dyed  and  cleared  specimen  a row  of  58  lateral  line  scales 


62 


Zoological  N.  Y.  Zoological  Society 


[XVI;  2 


(Fig.  17)  is  visible  extending  from  the  opercle  to  the  caudal,  a second, 
incomplete  row  below  this  on  the  caudal  peduncle  and  a third  very 
short  row  behind  the  opercles. 

In  the  first  row,  the  first  scale,  just  above  the  base  of  the 
dorsal  pectoral  rays,  is  a well-ossified,  thick,  half  circle,  opening 
backward.  The  next  26  are  very  small,  thin,  slightly  ossified  and 
irregular,  some  almost  straight,  others  three-fourths  of  a circle. 
The  27th  scale  occurs  at  18.6  mm  in  front  of  the  dorsal.  From  here 


Fig.  17.  Dolichopteryx  binocularis  Beebe.  Scales  from  lateral  line;  a,  from  the  vertical 
at  origin  of  dorsal  fin;  b,  from  base  of  caudal  fin.  ( X 58). 

on  the  scales  increase  in  size  and  thickness,  and  become  circular. 
At  the  40th,  just  over  the  ventral  fins,  they  reach  their  largest  size, 
the  diameter  keeping  even  for  the  succeeding  scales  to  the  last  at 
the  very  base  of  the  caudal.  These  are  .86  mm  in  outside,  vertical 
diameter  with  a central,  oval  opening  .5  mm  in  length.  From  the 
40th  on,  the  posterior  rim  of  the  central  opening  shows  a slight 
thickening  of  osseous  tissue,  which  increases  and  concentrates  to- 
ward the  center  until  in  the  51st,  a slight  projection  is  visible.  In 
the  last  five  this  extends  clear  across  the  central  hole  as  a knob- 
shaped projection,  and  a low  spine  develops  on  the  outside. 

Anteriorly  the  scales  are  five  or  six  of  their  diameters  apart, 
but  they  gradually  approach  until  posteriorly  the  edges  slightly 
overlap.  They  are  placed  equidistantly  between  the  row  of  isolated 
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chromatophores,  and  the  inferior,  dense  line.  And  now  we  see  that 
each  curve,  or  oblique  row  marks  an  individual  scale,  this  being  true 
even  to  the  very  first.  The  clear  midline  space  in  the  pigmented 
peduncle  is  now  explained,  for  it  is  quite  filled  up  with  the  lateral 
line  scales. 

There  is  a second,  incomplete  row  of  scales,  beginning  between 
the  40th  and  41st,  and  extending  to  the  caudal.  These  are  placed 
close  beneath  the  oblique  line  of  chromatophores,  alternate  with 
the  upper  row,  and  are  much  smaller,  almost  round  and  solid. 
These  round  scales  are  smaller  anteriorly  and  increase  slightly  in 
size  backward.  There  is  a short  row  of  5 scales,  similar  to  these, 
above  the  line  of  scattered  chromatophores  extending  a short 
distance  along  the  sides  from  the  opercles.  All  the  scales  are  very 
delicate  and  deciduous,  a few  falling  off  at  each  change  of  fluid  in 
the  clearing  process. 

The  14  rays  of  the  pectoral  are  divided  into  two  distinct  groups, 
the  upper  6 of  great  length,  reaching  to  the  middle  of  the  anal,  and 
the  lower  8 only  about  one-fourteenth  as  long.  The  first  group  were, 
in  the  fresh  fish,  directed  straight  back  or  slightly  upward,  and  in 
this  individual,  new-caught  fish  the  first  and  sixth  left  rays  and  the 
first  and  third  right  rays  were  bent  but  still  showed  full  length. 
They  split  into  two  about  half-way  of  their  length.  The  lower 
eight  were  directed  obliquely  downward.  The  rays  arise  from  a 
large,  fleshy,  basal  pad,  with  a sharply  oblique,  posterior  rim.  The 
pelvics,  too,  have  a conspicuous  base  and  the  rays  reach  the  base  of 
the  caudal.  In  the  cleared  tissue  they  are  seen  to  be  divided 
sharply  into  two  divisions,  six  lower,  very  fine  rays,  close  together, 
and  three  superior  rays,  placed  farther  apart  and  more  than  twice 
as  stout  as  the  others.  Their  insertion  is  well  in  front  of  the  vertical 
from  the  dorsal  origin,  3.7  times  nearer  the  base  of  the  caudal  than 
the  tip  of  the  snout.  The  dorsal  fin  arises  high  above  the  surface 
of  the  body,  from  a framework  supporting  an  oval  muscle  and  a tall 
baseost  for  each  ray  except  the  first  and  last;  forward  the  free  skin 
stretches  for  a considerable  distance,  and  posteriorly  the  high,  free, 
transparent  skin  connects  with  the  supracaudal  spines;  the  anal, 
arising  under  the  12th  dorsal  ray,  is  similar,  and  the  muscles  of  each 
fin  have  a scattering  of  black  chromatophores  along  their  sides. 
The  caudal  is  slightly  forked. 

In  addition  to  the  orbital  photophore  described  above,  a second 
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luminous  organ  extends  along  the  ventral  surface  of  the  body:  the 
epidermis  from  the  gills  to  the  anus  is  loose,  suspended  by  numerous 
thread-like  supports,  carrying  an  opaque  band  of  luminous  tissue; 
this  organ  gleamed  only  with  the  faintest  sheen  in  the  new  caught 
specimen;  when  dyed  and  cleared  it  was  found  to  have  a large 
number  of  very  small  tubercles. 

Osteology 

Skull:  (Fig.  18).  The  skull  of  Dolichopteryx  binocularis  is 
characterized  by  thin,  lightly  ossified  bones,  showing  only  a few  foci 
of  stronger  structure,  as  along  the  dental  ridge  and  at  the  quadrato- 
articular  joint.  Sever'd  elements,  however,  such  as  the  preopercular, 
have  central,  high  thin  plates  of  bone,  arising  at  right  angles  to  the 
main  plane.  The  chief  specialization  is  the  extreme  antero-posterior 
extension  of  the  skull,  and  the  small,  terminal  mouth,  recalling  in 
a very  general  way,  the  skull  ground  plan  of  Opisthoproctus. 

The  top  of  the  cranium  shows  the  dominance  of  the  fused 
frontals  occupying  fully  four-fifths  of  the  superiorly  visible  ossifi- 
cation. The  cranium  itself  is  almost  completely  roofed  by  these 
frontal  bones.  It  is  roughly  six-sided,  with  the  anterior  aspect 
curving  widely  around  the  immense  orbits.  The  forward  extension 
of  the  skull  is  formed  solely  by  the  long,  slender,  almost  spine-like 
bone  of  the  fused  frontals,  which  is  five  times  the  length  of  the  cra- 
nium. On  each  side  of  this  elongate  bone  is  a prominent  up-turned 
wing  or  rim,  almost  as  if  the  outer  edges  of  the  frontals  had  been 
elevated  to  make  more  room  for  the  great  eyes.  Beneath  the  same 
frontal  rod  is  a transparent,  median,  cartilaginous  septum,  extend- 
ing back  to  the  vertical  of  the  upturned  eyeballs.  Four-fifths  of 
the  way  toward  the  tip  of  the  snout,  the  faintly  ossified  prefrontals 
may  be  seen  extending  vaguely  downward  on  each  side  of  the  main 
frontal  stem.  Some  distance  from  the  tip  the  mesethmoids  appear 
as  a very  thin,  overlying  sheet,  and  through  them  the  anterior  ends 
of  the  frontals  are  visible,  here  for  the  first  time  recognizable  as  two 
slender  splinters,  lying  side  by  side. 

The  premaxillaries  form  a broad  bony  lip  about  the  mouth  and 
the  superior  ends  of  the  maxillaries  are  seen,  sloping  steeply  down- 
ward and  back. 

The  second  largest  bones  of  the  cranium  are  the  pterotics,  long, 
irregular  oblongs,  separated  by  a well-marked  open  suture  from  the 
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whole  lateral  aspect  of  the  frontals.  At  their  anterior  ends  arise 
small,  angular  sphenotics,  taking  a small  share  in  the  bounding  of 
the  orbits.  The  parietals,  equal  to  the  sphenotics  in  size,  are  ill- 
defined,  but  lie  between  the  postero-lateral  curve  of  the  frontals 
and  the  pterotics.  The  supra-occipital  shows  a small,  rounded  base, 
and  a posteriorly  directed  spine.  The  epiotics  are  not  nearly  as  well 
defined  as  some  of  the  other  bones,  but  project  from  the  postero- 
lateral cranial  profile,  as  two  rounded  lobes.  Over  them  extend  the 
elongate  post-temporals,  forming  a close,  overlapping  joint  with  the 
supra-cleithra. 

The  lateral  view  of  the  skull  shows  all  the  above  bones  in  clearer 
relationship,  the  pterotic  nearly  vertical,  and  bordering  the  whole 
lateral  cranium.  Beneath  it  is  a small,  unidentified,  crescentic 
ossification  in  the  midst  of  a large,  irregular,  unossified  area. 

A long,  slender  parasphenoid,  similar  in  diameter  to  the  elongate 
frontal  spine,  bounds  the  enormous  optic  lobes,  extending  from  mid- 
mesethmoid  backward  in  an  easy  double  curve,  and  disappearing 
behind  the  hyomandibular.  The  prefrontal  is  seen  to  be  fairly 
well  ossified,  but  with  vanishing  ends  above  and  below. 

Palato-Pterygoid  Arcade:  The  hyomandibular,  like  all  the 
bones,  is  almost  transparent  and  only  by  careful  lighting  and 
focusing  can  be  satisfactorily  differentiated  from  the  partly  over- 
lying  preopercle.  It  is  shaped  roughly  like  a mammalian  femur, 
with  large,  superior,  rounded,  double  heads,  one  extending  interior 
to  the  sphenotic  and  pterotic,  and  the  other  holding  the  same 
relation  to  the  upper,  anterior  rim  of  the  opercle.  The  shaft  of  the 
hyomandibular  extends  forward  and  downward  and  makes  three 
contacts,  one  with  the  metempterygoid,  one  with  the  symplectic 
and  one  with  the  interhyal.  The  symplectic  is  a long,  slender  rod 
reaching  far  forward,  ventral  to  the  metempterygoid  and  quadrate, 
almost  to  the  hinge  of  the  jaw. 

Jaw  Apparatus:  The  jaw  bones  are  well  ossified.  The  pre- 
maxillaries  are  separated  medially  by  the  slightest  of  sutures. 
Their  posterior  ends  disappear  beneath  the  maxillaries,  which  cross 
them  at  an  oblique  downward  and  back  angle.  The  mid-posterior 
portions  of  these  bones  are  occupied  by  two  supra-maxillaries.  The 
teeth  have  been  described  elsewhere. 

The  mandible  is  heavy  and  deep,  the  upper  profile  straight, 
and  the  posterior  almost  so.  The  articular  is  faintly  separated, 
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comprising  one-third  of  the  infero-posterior  area;  the  angular  is 
small,  very  irregular  and  wholly  ventral  to  the  quadrate  articulation. 

Opercular  Bones:  The  opercles,  thin  as  they  are,  are  solid 
to  their  boundaries,  and  show  none  of  the  posterior  comb-like 
structures  so  conspicuous  in  Alepocephalus  and  Bathylagus. 

The  opercle  is  irregularly  circular,  and  is  bounded  on  the  upper 
and  anterior  faces  by  wide,  unossified  areas.  Along  the  lower 
curves,  the  subopercle  fits  closely,  the  latter  bone  being  roughly 
L-shaped.  The  preopercle  begins  exterior  to  the  upper  end  of  the 
hyomandibular  and  passes  down  over  that  bone,  then  bends  abruptly 
forward,  and  extends  as  a wide  heavy  shaft  almost  to  the  angular, 
its  anterior  end  actually  excavated  to  fit  loosely  the  posterior  face  of 
the  angular.  The  interopercle  is  a broad  triangle  fitting  ventral  to 
and  between  the  preopercle  and  subopercle. 

Hyoid  Arch:  (Fig.  18B).  A small  interhyal  connects  the  hyo- 
mandibular with  the  epihyal.  The  latter  is  twice  the  size  of  the 
interhyal,  and  from  it  arise  two  strong  branchiostegals,  extending 
in  a flat  curve  back  close  along  the  lower  profiles  of  the  interopercle 
and  subopercle. 

The  ceratohyal  is  a stout  bone,  three  times  as  long  as  the  epihyal, 
ossified  only  in  its  median  portion,  although  its  entire  profile  is 
visible,  especially  anteriorly  where  it  articulates  with  the  basihyals. 
These  almost  merge  in  the  midline,  the  opposing  surfaces  mutually 
corrugated  as  if  they  articulated. 

In  the  mid-line  of  the  throat  lies  the  large  urohyal,  its  bifurcated 
anterior  tip  close  to  the  ceratohyals,  and  its  broad,  rounded,  posterior 
end  extending  half-way  the  whole  length  of  the  branchiostegals. 

Pectoral  Girdle:  The  supra-clei thrum  extends  only  very 
slightly  beyond  the  inferior  end  of  the  post-temporal.  With  it 
articulates  the  broad,  rounded  end  of  the  cleithrum,  which  thence 
extends,  now  enlarging,  now  contracting  in  profile,  down,  and  slightly 
forward,  interior  to  the  posterior  third  of  the  opercle  and  ending 
beneath  the  subopercle. 

Vertebral  Column:  The  clearing  was  stopped  before  the  body 
tissues  became  transparent,  so  I can  see  little  of  the  vertebrae. 
Anteriorly  they  are  fairly  well  ossified,  but  posteriorly,  at  least 
from  the  rear  end  of  the  dorsal  fin,  they  are  nearly  transparent, 
and  here  considerably  enlarged  in  diameter,  up  to  the  very  last. 
The  urostyle  is  very  strongly  ossified,  and  extends  as  a straight  rod, 
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from  the  end  of  the  column,  obliquely  up  to  the  surface  of  the  upper 
profile  of  the  very  deep  peduncle,  pushing  its  head  between  the  bases 
of  the  most  posterior,  upper,  caudal  spine. 

Fins:  The  rays  of  all  the  fins,  both  vertical  and  paired,  are 
very  strongly  ossified,  the  pterygials  and  baseosts  less  so. 

The  pectoral  pad  shows  four  well  developed  pterygials,  with 
broadened  distal  ends.  These  four  expanded  heads  are  more  or  less 
closely  connected  with  the  second,  third  and  fourth;  fifth,  sixth  and 
seventh;  eighth,  ninth  and  tenth;  and  eleventh,  twelfth,  thirteenth 
and  fourteenth  finrays  respectively.  There  is  a faint,  but  distinctly 
ossified,  fifth  pterygial  element  near  the  upper  part  of  the  fin. 

The  fifteen  dorsal  rays  show  twelve  baseosts,  the  anterior  and 
posterior  rays  lacking  them.  The  second  and  third  show  a single, 
high,  thickened,  anteriorly  directed  bone.  The  first  ray  is  very  short 
and  the  two  lateral  bases  are  not  joined,  standing  erect  as  two  short, 
curved,  erect  spines. 

Of  the  eleven  anal  rays,  only  eight  have  ossified  baseosts,  the 
two  anterior  and  the  posterior  ray  lacking  bony  supports. 

The  typical,  segmented  caudal  rays  are  19  in  number;  10  in 
the  upper  half  and  9 below,  with  the  two  central  rays  well  separated. 
Above  and  below  the  peduncle  are  13  unsegmented  caudal  “spines.” 
On  the  upper  profile,  the  last  of  the  spines  is  clamped  over  the  end 
of  the  urostyle,  while  the  succeeding  three  pairs  are  in  intimate 
contact  with  three,  long,  flat,  separate,  neural  spines. 

Discussion 

A direct  comparison  between  the  characteristics  of  D.  binocu- 
laris  and  those  of  all  the  other  known  specimens  of  Dolichopteryx 
may  be  made  from  the  table  on  p.  58.  Differing  from  all  of  the  others 
in  its  great  slenderness,  D.  binocularis  approaches  most  closely  the 
58  mm  specimen  of  Roule  and  Angel  (1930  p.  73,  pi.  IV,  figs.  94  and 
95),  described  as  a Dolichopterygiella.  Even  this  latter  specimen, 
however  is  comparatively  deep  (depth  14  in  total  length,  not  20, 
as  in  D.  binocularis ) and  has  the  pectoral  rays  perfectly  graduated 
in  length  instead  of  divided  into  two  unequal  groups. 

Study  Material 

The  type  is  in  the  collections  of  the  Department  of  Tropical 
Research  of  the  New  York  Zoological  Society.  It  has  been  cleared 
and  stained  as  KOH  No.  960. 
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The  following  material  has  been  filed:  Colored  plate  B827; 
outline  drawings  B828,  B828a,  B889,  B890,  B891,  B892;  photo- 
graphs 6160-L  and  6307-L. 

The  figure  of  D.  binocularis  has  been  redrawn,  as  that  in  Zoo- 
logica, vol.  XIII,  no.  4,  p.  48  was  found  to  be  inaccurate  in  several 
respects. 


Dolichopteryx  longipes  (Vaillant  1888) 

Specimens  taken  by  the  Bermuda 
Oceanographic  Expeditions 

4 specimens;  June  to  September;  1929  and  1930;  600  to  800 
fathoms;  from  a cylinder  of  water  8 miles  in  diameter  (5  to  13)  miles 
south  of  Nonsuch  Island,  Bermuda),  the  center  of  which  is  at  32°  12' 
N.  Lat.;  64°  36'  W.  Long.;  Standard  lengths  from -23  to  85  mm. 

Previously  Recorded  Specimens 

4 specimens;  191  to  2187  fathoms;  Atlantic  and  Indian  Oceans; 
Standard  lengths  from  35  to  120  mm.  (Fig.  19). 

Specific  Characters 

Whether  or  not  all  of  the  specimens  synonymized  by  Norman 
(1930,  p.  271)  with  Dolichopteryx  longipes  and  those  described  by 
Roule  and  Angel  (1930  p.  69  ff)  under  the  heading  Dolichopterygiella 
prove  eventually  to  be  of  the  same  species  and  identical  with  the 
present  series,  all  are  distinguished  at  once  from  D.  binocularis 
Beebe  1932  by  the  relative  thickness  of  the  body  (depth  in  standard 
length  7.7  to  13  instead  of  17).  The  following  measurements  and 
counts  are  applicable  to  all  the  known  specimens  of  the  genus 
except  D.  binocularis : Color:  White,  sometimes  with  black  chromato- 
phores  on  head  and  trunk  and  several  pairs  of  ventral  subdermal 
spots.  Proportions:  Depth  in  length  7.4  to  13;  head  in  length  2.4 
to  5;  eye  in  head  6 to  10.6;  snout  in  head  2 to  2.6;  distance  from  pelvic 
to  caudal  base  in  distance  from  snout  to  pelvic  1.75  to  3.5.  F inray 
Counts:  Pectoral  13  to  14;  pelvic  6 to  12;  dorsal  5 to  15;  anal  8 to  12. 
Teeth:  In  all  specimens  where  teeth  have  been  noted,  they  are  minute, 
arranged  in  bands  in  upper  jaw  and  in  a single  row  in  the  lower. 
(See  also  the  table  on  p.  58  and  discussion  on  p.  56). 
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Fig.  19.  Dolichopteryx  Brauer.  The  approximate  geographical  and  vertical  distribution  of  all  recorded  specimens  of  the 
genus.  The  dots  indicate  where  D.  longipes  has  been  taken,  the  crosses,  Dolichopterygiella  of  Roule  and  Angel.  Bermuda,  where 
both  D.  longipes  and  the  type  of  D.  binocularis  were  taken,  is  marked  by  a star.  The  relative  number  of  specimens  taken  at 
different  depths  by  the  Bermuda  Oceanographic  Expeditions  is  shown  diagrammatically  at  the  right,  for  comparison  with  the 
previously  known  vertical  range  of  the  genus. 
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Development 

Egg:  The  100  well  developed  eggs  found  in  each  ovary  of  an 
85  mm  female  (No.  13,062a)  are  round,  white  (after  three  years  in 
preservative)  and  .2  mm  in  diameter.  These  are  located  in  the 
middle  and  posterior  parts  of  the  ovaries  only.  In  the  anterior 
portions  and  between  the  white  eggs  are  at  least  six  times  as  many 
smaller,  yellowish,  translucent,  undeveloped  eggs,  which  gives  an 
estimated  total  of  1400  eggs  in  both  ovaries. 

Larva  and  Post-Larva:  No  example  of  either  of  these  stages 
has  been  taken  by  the  Bermuda  Oceanographic  Expeditions. 

Adolescent:  (Fig.  20A).  Due  to  lack  of  material  for  compari- 
son, it  is  impossible  to  be  sure  whether  the  single  23  mm  specimen 
in  the  present  collection  is  in  the  post-larval  or  adolescent  stage. 
However,  taking  as  criteria  the  differentiation  of  the  fin  rays  and 
the  development  of  the  teeth,  as  well  as  the  high  degree  of  ossification 
of  a cleared  and  dyed  example  from  the  same  net  which  is  but  12  mm 
longer,  the  23  mm  specimen  is  probably  adolescent. 

Trawling  Data:  Department  of  Tropical  Research  No.  8827a; 
Bermuda  Oceanographic  Expeditions  of  the  New  York  Zoological 
Society;  Net  22;  April  15,  1929;  9 miles  south  of  Nonsuch  Island, 
Bermuda;  600  fathoms;  Standard  length  23  mm. 

Measurements  and  Counts:  Total  length  26.1  mm;  standard 
length  23  mm;  depth  2.4  (in  length  9.6);  head  7.4  (in  length  3.1); 
eye  .7  (in  head  10.6);  snout  3.3  (in  head  2.2);  pectoral  rays  13; 
pectoral  length  2.3  (broken  off);  pelvic  rays  9?;  pelvic  length  2.3; 
dorsal  rays  10?;  anal  rays  9?;  caudal  rays  IX + 10 + 10+ IX. 

External  Characters:  In  general  color  the  fish  is  white,  with 
faint  black  chromatophores  around  the  mouth,  in  a line  along  the 
maxillary,  on  the  crown  of  the  head,  at  the  base  of  the  pelvic  and 
at  the  extreme  base  of  the  caudal  fin.  The  top  of  the  head  and  snout 
is  almost  transparent.  Through  the  tissues  of  the  ventral  surface 
five  pairs  of  good  sized,  dendritic  chromatophores  are  visible  lying 
along  the  intestine.  The  skin  of  the  trunk  is  entirely  missing,  so 
that  the  superficial  markings  of  this  region  are  unknown. 

The  body  is  almost  cylindrical  and  moderately  elongate, 
tapering  but  slightly  from  the  shoulders  to  the  base  of  the  caudal  fin. 
The  bases  of  both  paired  and  vertical  fins  are  conspicuously  elevated. 

The  crown  of  the  fairly  large  head  is  little  elevated  above  the 
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level  of  the  nape;  from  here  the  forehead  and  elongate  snout  slope 
gradually  to  the  tiny,  terminal  mouth.  The  lower  jaw  slants  down- 
ward and  back  to  its  angle  at  a point  but  two-fifths  of  the  distance 
between  the  tip  of  the  snout  and  the  vertical  from  the  anterior 
margin  of  the  eye.  Posterior  to  this  the  ventral  profile  of  the  head 
is  unbroken  and  perfectly  horizontal.  The  eye  is  directed  straight 
upwards  with  the  entire  external  portion  of  the  lens  projecting  above 
the  level  of  the  interorbital  profile.  Minute  teeth  are  present  in 


Fig.  20.  Dolichopteryx  lonpiges  (Vaillant).  A,  adolescent,  23  mm.;  B,  young  adult 
male,  35.5  mm. 

the  premaxillary,  maxillary  and  mandible,  those  in  the  upper  jaw 
being  at  least  biserial.  The  gill  openings  are  moderate,  with  their 
upper  boundary  at  a point  half  the  distance  between  the  ventral  and 
dorsal  profiles. 

The  pectoral  rays  arise  from  well  developed  pads  and  show  no 
division  into  groups;  they  reach  but  one-fourth  of  the  distance 
between  their  base  and  that  of  the  pelvics,  but  have  evidently  been 
broken  off.  The  pelvics  likewise  are  undivided,  and  extend  to 
beyond  the  anal  origin.  They  are  2.6  times  as  far  from  the  origin 
of  the  snout  as  from  the  caudal  base,  and  the  base  of  the  first  ray  is 
1.1  mm  in  front  of  the  vertical  from  the  dorsal  origin.  The  anal 
commences  under  the  middle  of  the  dorsal.  Between  the  most 
posterior  of  the  feebly  developed,  dorsal,  caudal  raylets  and  the 
first  of  the  stout,  terminal,  true  caudal  rays  is  the  projecting  tip 
of  the  urostyle.  The  rays  of  all  of  the  fins  are  double. 
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The  large  photophore  found  on  the  iris  of  older  specimens  is 
represented  only  by  a pale-colored  bulge  near  the  orbital  margin. 

Adult:  The  three  remaining  specimens  in  the  collection  consist 
of  one  young  male  (35.5  mm),  one  young  femle  (40  mm)  and  one 
mature  female  (85  mm).  Descriptions  of  all  three  follow. 

Young  Male:  (Fig.  20B).  Trawling  Data:  Department  of 
Tropical  Research  No.  8827;  Bermuda  Oceanographic  Expeditions 
of  the  New  York  Zoological  Society;  Net  22;  April  15,  1929;  9 miles 
south  of  Nonsuch  Island,  Bermuda;  600  fathoms;  Standard  length 
35.5  mm. 

Measurements  and  Counts:  Total  length  40.5  mm;  standard 
length  35.5  mm;  depth  4.6  (in  length  7.7);  head  14  (in  length  2.5); 
eye  1.4  (in  head  10);  snout  6.2  (in  head  2.3);  pectoral  rays  13; 
pectoral  length  4.3;  pelvic  rays  11;  pelvic  length  6.4;  dorsal  rays 
11 anal  rays  10;  caudal  rays  XI +10 +10+ IX. 

External  Characters:  The  entire  fish  is  white  marked  with  chro- 
matophores  distributed  as  follows:  A close-set  line  of  black  ones  on 
each  side  of  the  mandible  and  isthmus;  a broad  band  of  brown  pig- 
ment, visible  through  the  tissues  of  the  snout,  on  the  roof  of  the 
mouth  extending  from  the  inner  series  of  teeth  to  almost  three- 
quarters  of  the  distance  between  the  tip  of  the  snout  and  the  anterior 
margin  of  the  eye;  two  single,  black  spots  on  the  cheek,  below  and  in 
front  of  the  eye;  a series  of  black  chromatophores  above  the  lateral 
line,  and  a similar  one  below  it,  from  pectoral  to  caudal  base.  Due 
probably  to  the  damaged  condition  of  the  skin,  these  are  nearly 
obliterated  in  the  anterior  part  of  the  fish,  but  posterior  to  the 
pelvic  fin  each  series  is  seen  to  be  composed  of  oblique  rows  of  chro- 
matophores, one  row  to  each  myomere  and  two  or  three  chromato- 
phores in  each  row.  Each  pigment  spot  consists  of  a small,  dark, 
central  nucleus  in  the  center  of  a lightly  pigmented  disc.  The  border 
of  the  latter  is  usually  darker,  giving  a definitely  bounded,  ringed 
appearance.  At  the  base  of  the  caudal  fin  the  chromatophores  are 
smaller,  and  a few  of  them  are  dendritic.  Here  the  linear  formation 
is  lost,  there  being  simply  two  clusters  of  the  dots,  one  above  and 
one  below  the  lateral  line.  The  bases  of  all  the  fins  are  similarly 
pigmented.  At  least  five  pairs  of  subdermal,  abdominal  spots  are 
faintly  visible  between  the  pectoral  base  and  the  anal  origin.  In 
the  same  area  the  wall  of  the  coelom  shows  brown  through  the 
abdominal  tissues,  from  a fusion  of  densely  scattered,  dendritic 
chromatophores.  Iris  black.  Iris  photophore  bronze. 


1933]  Beebe:  Deep-Sea  Fishes  of  the  Bermuda  Expeditions  75 

This  specimen  is  relatively  deeper,  and  has  a larger  head  than 
any  of  the  other  specimens.  Otherwise  it  is  of  typical  Dolichopteryx 
contour,  being  almost  cylindrical,  tapering  but  slightly  and  having 
the  fin  bases  elevated.  The  perfectly  telescopic  eyes  do  not  extend 
to  the  height  of  the  bony  interorbital  ridge.  The  maxillary  reaches 
to  a point  about  a third  of  the  distance  between  the  tip  of  the  snout 
and  the  vertical  from  the  anterior  border  of  the  eye. 

In  the  premaxillary  are  about  two  rows  of  minute  teeth.  In 
the  anterior  part  of  the  maxillary  they  are  also  biserial,  but  become 
single  posteriorly;  in  size  all  are  about  equal  to  those  of  the  pre- 
maxillary. There  are  about  thirty  teeth  in  each  half  of  the  mandible 
in  a single  row.  These  are  very  small  and  close-set  in  the  anterior 
four-fifths  of  the  jaw,  being  but  one-third  the  size  of  those  in  the 
maxillary;  the  most  posterior  six  or  seven,  however,  become  rapidly 
larger,  approaching  in  size  those  of  the  upper  jaw. 

There  is  no  trace  of  scales  anywhere  on  the  body. 

The  longest  pectoral  rays,  which  are  probably  broken,  extend 
slightly  more  than  half-way  between  their  base  and  that  of  the 
pelvics.  The  rays  of  the  latter  reach  to  mid-anal.  The  upper  four 
or  five  pectoral  rays  are  slightly  separated  from  the  lower  ones,  but 
the  pelvics  are  quite  undivided.  Inserted  only  2.1  times  as  distant 
from  the  tip  of  the  snout  as  from  the  caudal  base,  they  are  located 
slightly  farther  forward  than  in  any  of  the  other  Bermuda  specimens; 
between  the  pelvic  base  and  the  vertical  from  the  dorsal  origin  is 
2.4  mm.  The  anal  originates  under  the  last  dorsal  ray.  The  tip 
of  the  urostyle  is  invisible  externally. 

There  is  a moderate  sized,  semicircular  photophore  on  the  out- 
side of  the  eyeball,  directed  straight  inward.  No  trace  is  found  of 
the  ventral  band  of  luminous  tissue  found  in  D.  binocularis. 

Osteology:  In  the  head  the  jaws,  teeth,  frontal,  parasphenoid, 
quadrate,  metethmoid  and  opercles  are  all  strongly  ossified,  and  in 
arrangement  and  form  are  closely  similar  to  those  of  D.  binocularis. 
In  the  vertebral  column  are  43  vertebrae  plus  urostyle.  The  anterior 
vertebrae  are  rather  small  (.75  mm  in  diameter  at  neck),  becoming 
considerably  larger  at  mid-body,  reaching  their  maximum  size  just 
in  front  of  the  dorsal  (1.1  mm  in  diameter)  and  continuing  very 
deep  clear  to  the  caudal.  The  entire  column  is  well  ossified,  with 
the  exception  of  the  40th  and  41st  vertebrae.  In  these  the  lower 
halves  are  almost  unossified,  the  upper  halves  entirely  so.  The 
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urostyle,  which  terminates  between  the  bases  of  the  most  posterior 
of  the  dorsal  caudal  raylets  and  the  first  true  caudal  rays,  is  also 
strongly  ossified,  though  the  hypurals  and  epurals  show  no  trace. 
The  cleithrum  and  supra-cleithrum  are  both  strongly  ossified;  the 
pelvic  girdle,  very  slightly,  except  that  the  long,  pelvic  bone  shows 
a considerable  amount  of  ossification  throughout  the  distal  half. 
All  of  the  fin  rays  are  well  ossified,  their  baseosts  very  slightly. 

Digestive  System:  (Fig.  21).  All  of  the  digestive  organs  are 
white.  The  stomach  (7.3  mm)  is  an  elongate,  blind  sac,  not  much 
broader  than  the  oesophagus.  The  intestine,  less  than  twice  as 


Fig.  21.  Dolichopteryx  longipes  (Vaillant).  Alimentary  canal,  a,  oesophagus;  b, 
stomach;  c,  caeca;  d,  intestine. 

long  (14  mm)  opens  from  it  at  its  anterior  end,  and  extends  straight 
backward  to  the  level  of  the  pelvic  fins.  Here  there  is  an  abrupt 
constriction  followed  by  a short  swelling,  which  narrows  again  just 
before  reaching  the  anal  papilla.  The  liver  lies  far  forward  against 
the  oesophagus,  just  behind  the  .6  mm  heart  (auricle  and  ventricle) 
and  measures  1.7  mm  in  length.  The  pyloric  region  is  damaged, 
but  there  seem  to  have  been  several  caeca. 

Reproductive  System:  But  one  testicle  is  present,  due  to  damage 
to  the  specimen.  This  lies  on  the  left  side,  outside  of  the  liver, 
beginning  at  the  level  of  its  posterior  half.  It  is  short  and  broad, 
measuring  1.9  mm  in  length.  There  is  a minute  sperm  duct. 

Young  Female:  Trawling  Data:  Department  of  Tropical  Re- 
search No.  18,400;  Bermuda  Oceanographic  Expeditions  of  the  New 
York  Zoological  Society;  Net  862;  Sept.  8,  1930;  9 miles  south-east 
of  Nonsuch  Island,  Bermuda;  800  fathoms;  Standard  length  40  mm. 

Measurements  and  Counts:  Total  length  46.2  mm;  standard 
length  40  mm;  depth  4.3  (in  length  9.3);  head  11.4  (in  length  3.5); 
eye  1.7  (in  head  6.7);  height  of  eye  2.1;  snout  4.7  (in  head  2.4); 
pectoral  rays  13;  pectoral  length  5;  pelvic  rays  9;  pelvic  length  10.7; 
dorsal  rays  11;  anal  rays  9;  caudal  rays  XIV  + 10  + 10+XI. 
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External  Characters : The  following  color  notes  were  made  from 
the  fresh  specimen:  General  color  translucent  white;  much  of  the 
upper,  anterior  half  of  the  head  transparent  covered  with  very  thin 
tissue,  over  which  extend  5 or  6 oblique,  nerve  threads;  the  white 
brain,  well  back  of  the  eye,  is  quite  isolated  in  this  transparent  area; 
base  of  eye  glittering  steel  blue;  a dense  sprinkling  of  round,  black, 
chromatophores  about  the  jaws.  Trunk  chromatophores : An  enor- 
mous, dark,  dendritic  chromatophore  covers  the  outer  part  of  the 
pad  of  the  pectoral  base;  eight  large,  irregular  chromatophores, 
as  large  as  the  pectoral  one,  are  arranged  along  the  side  of  the  body; 
from  the  base  of  the  pectoral  back  along  the  lower  part  of  the  side 
to  the  caudal  base  runs  a line  of  very  fine,  glittering,  greenish-black 
shreds  of  pigment,  first  as  a continuous  line,  then,  posteriorly,  as  a 
series  of  irregular,  oblique  lines,  of  5 to  9 dots  each;  at  the  base  of  the 
caudal  a rather  thick  scattering  of  round,  black  pigment  dots.  The 
stomach  and  intestine  show  bright  pink  from  ingested  food. 

This  specimen  differs  in  general  appearance  from  that  of  the 
35.5  mm  male  in  the.  somewhat  slimmer  body,  shorter  head  and 
larger  eye,  which  interrupts  the  cephalic  profile.  But  in  the  ar- 
rangement of  the  teeth  and  the  relative  positions  of  the  pelvic, 
dorsal  and  anal  fin  the  two  specimens  are  very  similar.  The  rays  of 
the  paired  fins  are  not  divided  into  two  groups.  The  pectoral  is 
broken,  but  the  longest  pelvic  rays  almost  reach  the  base  of  the  cau- 
dal fin. 

Digestive  System:  The  digestive  system  corresponds  to  that  of 
the  young  male  in  every  particular.  There  are  four  short  caeca, 
.8  mm  in  length. 

Reproductive  System:  The  ovaries  are  duplicates  in  miniature 
of  those  found  in  the  mature  female  subsequently  described.  They 
are  filled  with  exceedingly  minute,  unripe  eggs. 

Mature  Female:  Trawling  Data:  Department  of  Tropical 
Research  No.  13,062a;  Bermuda  Oceanographic  Expeditions  of  the 
New  York  Zoological  Society;  Net  418;  Sept.  4,  1929;  10  miles 
south  of  Nonsuch  Island,  Bermuda;  700  fathoms;  Standard  length 
85  mm. 

Measurements  and  Counts:  Total  length  98.5  mm;  standard 
length  85  mm;  depth  10  (in  length  8.5);  head  36  (in  length  2.4); 
eye  4.7  (in  head  7.7);  snout  17  (in  head  2.1);  pectoral  rays  14, 
broken  off  short;  pelvic  rays  9;  pelvic  length  19;  dorsal  rays  11; 
anal  rays  10;  caudal  rays  IX  + 10  + 10  + XI. 
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External  Characters:  The  pigmentation  of  the  head  is  close  to 
that  of  D.  binocularis  (Fig.  16) ; that  of  the  trunk  resembles  the  mark- 
ings of  the  young  male  (Fig.  20B),  except  that  in  the  present  specimen 
the  chromatophores  are  much  more  pronounced,  and  that  the  rays 
of  the  paired  fins  are  pigmented  in  the  following  fashion : The  upper- 
most 7 pectoral  rays  are  peppered  throughout  their  length  with 
small  chromatophores.  All  of  the  pelvic  rays  are  heavily  pigmented 
across  their  bases;  the  fourth,  fifth  and  sixth  are  pigmented  through- 
out their  length  and  are  the  longest;  and  the  third  and  seventh  rays 
are  pigmented  in  their  distal  thirds  as  well  as  their  bases. 

In  general  proportions  this  specimen  approaches  the  35.5  mm 
male  more  closely  than  the  40  mm  female.  The  eyes  do  not  inter- 
rupt the  dorsal  profile.  The  teeth  of  the  upper  jaw  are  all  inside 
its  margin  on  the  roof  of  the  mouth  and  are  in  three  or  four  rows. 
Those  in  the  mandible  are  uniserial.  The  pelvic,  dorsal  and  anal 
fins  are  inserted  in  the  same  relative  positions  as  in  the  two  smaller 
adults.  The  longest  pelvic  rays  extend  almost  to  the  first  caudal 
spines. 

Digestive  System:  In  every  detail  the  digestive  system  of  this 
large  specimen  is  exactly  similar  to  those  of  the  smaller  fish  already 
described. 

Reproductive  System:  The  ovaries  are  slender,  ribbon-like 
organs  extending  the  length  of  the  coelomic  cavity.  They  are 
broadest  anteriorly,  measuring  .9  mm,  but  posteriorly  they  dwindle 
to  a mere  thread.  No  oviduct  is  visible.  The  eggs  have  already 
been  described  (p.  72). 

Ecology 

Vertical  and  Seasonal  Distribution:  Due  to  the  small 
number  of  specimens  taken,  no  bathymetric  and  seasonal  conclusions 
can  of  course  be  drawn.  However,  it  may  noted  be  that  all  four 
occurred  in  the  mid-depth  region — between  600  and  800  fathoms— 
which  is  so  typical  of  all  of  the  Bermuda  Alepocephalids.  In  Fig.  19 
is  indicated  this  Bermuda  vertical  distribution  in  relation  to  the 
depths  at  which  previously  recorded  specimens  occurred.  The 
present  specimens  were  caught  in  April  and  September  only. 

Sociability:  The  two  smallest  specimens  came  up  in  the  same 
net.  In  a species  as  rare  as  this,  it  is  almost  certain  that  this  was 
not  accidental  but  that  the  fish  were  actually  swimming  together. 
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Abundance:  This  is  one  of  the  rarest  of  deep-sea  fish.  Even 
within  the  narrow  limits  of  its  Bermuda  vertical  distribution  (600 
to  800  fathoms),  it  occurred  in  less  than  .8  per  cent  of  the  nets 
drawn  between  those  depths. 

Food:  The  stomachs  of  the  two  smaller  fish  were  partially 
filled  with  finely  digested,  unrecognizable  material;  that  of  the  85 
mm  female  was  quite  empty.  In  all  of  the  specimens  there  were 
small  quantities  of  food  in  the  intestines. 

Study  Material 

The  following  list  gives  the  catalogue  number,  net,  depth  in 
fathoms,  date,  length  and  growth  stage  of  the  Bermuda  specimens 
of  Dolichopteryx  longipes.  All  were  caught  in  the  cylinder  of  water 
off  the  Bermuda  coast  described  on  p.  5. 

No.  8,827;  Net  22;  600  F.;  April  15,  1929;  35.5  mm;  Adult. 

No.  8,827a;  Net  22;  600  F.;  April  15,  1929;  23  mm;  Adolescent. 

No.  13,062a;  Net  418;  700  F.;  Sept.  4,  1929;  85  mm;  Adult. 

No.  18,400;  Net  862;  800  F.;  Sept.  8,  1930;  40  mm;  Adult. 

No.  8,827  (KOH  No.  1150)  was  cleared  and  stained  in  order  to 
study  the  skeleton. 

The  following  material  is  filed:  Colored  plate  B732;  outline 
drawings  B894,  B895  and  B897;  photographs  B5696  and  B5821-L. 

Synonymy  and  References 
Aulostoma ? longipes: 

Vaillant  1888,  p.  340,  pi.  XXVII,  fig.  4.  (1  specimen;  45  mm;  1163  m.; 
coast  of  Morocco;  type  specimen). 

Goode  and  Bean  1895,  p.  484,  fig.  397.  (Resume  of  type  descrip- 
tion). 

Dolichopteryx  longipes: 

Norman  1930,  p.  271,  fig.  3.  (2  specimens;  120  and  100  mm;  350- 
400  (-0)  m.  and  2500-2700  m.;  off  Cape  Town  and  Liberia 
respectively). 

Dolichopteryx  anascopa: 

Brauer  1902,  p.  127.  (1  specimen;  34.8  mm;  2400  m.;  Indian 

Ocean  west  of  Cocos  Island). 

Brauer  1906,  p.  24,  fig.  4.  (Supplementary  description  of  D. 
anascopa  with  discussion  of  its  possible  synonymy  with  A? 
longipes). 
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Dolichopterygiella: 

Roule  and  Angel  1930,  p.  69.  The  majority  of  this  series  of  7 speci- 
mens is  probably  D.  longipes ; 8 to  76  mm;  0-4000  m.;  eastern 
Atlantic,  off  North  Africa. 

Macromastax  Beebe  1933 

Generic  Characters:  Elongate,  moderately  compressed  Alepo- 
cephalids,  with  naked,  delicate  skin,  no  sign  of  tubercles,  and  no 
nuchal  dermal  fold;  lateral  line  distinct;  the  head  large  (less  than  3 
in  length);  the  mouth  very  large,  with  the  maxillary  reaching  far 
beyond  the  posterior  margin  of  the  orbit;  the  jaws  nearly  equal; 
snout  short;  the  teeth  uniserial,  absent  from  the  vomer,  but  present 
on  the  premaxillary,  maxillary,  mandible  and  palatine;  the  eye 
large;  the  gill  membranes  not  joined  beneath  the  isthmus;  9 bran- 
chiostegals;  the  paired  fins  are  close  to  the  ventral  profile;  the  pecto- 
rals small  and  feeble;  the  pelvics  well-developed,  just  within  the 
posterior  half  of  the  fish;  the  dorsal  is  about  twice  as  long  as  the 
anal,  originating  far  in  advance  of  it,  at  the  vertical  of  the  pelvics; 
caudal  well-developed,  forked. 

Comparison  with  Other  Genera:  This  genus  is  immediately 
distinguishable  from  other  scaleless  Alepocephalids  by  means  of 
the  following  characters: 

From  Xenodermichthys  and  Rouleina  by  the  inequality  of  the 
vertical  fins,  the  forward  position  of  the  dorsal,  and  the  great 
size  of  the  maxillary. 

From  Leptoderma  by  the  shortness  of  the  vertical  fins,  the  fact  that 
the  dorsal  is  longer  than  the  anal  instead  of  vice  versa,  and  by 
the  great  size  of  the  maxillary. 

From  Anomalopterus  and  Photostylus  (see  p.  82)  by  the  absence  of 
an  adipose  fold  in  front  of  the  dorsal  fin. 

In  addition  to  its  lack  of  scales,  Macromastax  differs  most  obvi- 
ously from  the  remaining  Alepocephalids  as  follows: 

From  Bathytroctes  (including  Talismania ) in  the  great  length  of 
the  maxillary,  in  the  presence  of  9 instead  of  7 branchiostegals, 
and  in  the  absence  of  vomerine  teeth. 

From  Bajacalifornia  in  the  lack  of  a pointed,  symphysial  knob, 
and  in  the  large  size  of  the  maxillary. 

From  Narcetes  in  having  uniserial  instead  of  poly  serial  teeth,  and 
more  than  7 branchiostegals. 
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From  Alepocephalus  (including  Conocar  a),  Asquamiceps,  Ericara , 
Leptochilichthys  and  Xenognathus  in  the  presence  of  maxillary 
teeth. 

From  Platytroctes  in  the  presence  of  pelvic  fins. 

From  Aulostomatomorpha  and  Dolichopteryx  in  the  shortness  of 
the  snout  and  great  size  of  the  jaws. 

Macromastax  gymnos  Beebe  1933 

(Fig.  22) 

Type:  Department  of  Tropical  Research  No.  10,829;  Bermuda 
Oceanographic  Expeditions  of  the  New  York  Zoological  Society; 
Net  210;  June  22,  1929;  8 miles  south  of  Nonsuch  Island,  Bermuda; 
1000  fathoms;  Standard  length  35  mm. 


Measurements  and  Counts:  (These  measurements  were  made 
from  the  fresh  specimen).  Total  length  42.2  mm;  standard  length 
35  mm;  depth  6.5  (in  length  5.4);  head  12.8  (in  length  2.7);  eye 
3.5  (in  head  3.7);  snout  2.1  (in  head  6.1);  maxillary  8.5  (in  head 
1.5);  pectoral  ca.  10;  pectoral  length  2.2;  pelvic  7;  pelvic  length  6.3 
dorsal  25;  anal  12;  9 branchiostegals. 

General  Description:  Moderately  elongate  and  compressed, 
the  head  very  large,  deeper  than  the  body  and  contained  2.7  in  the 
length.  In  the  fresh  specimen,  body  pale  grayish,  peduncle  and 
caudal  fin  lighter,  the  latter  with  many  irregular,  white  marks; 
head,  opercles  and  body  cavity  jet  black;  iris  blue-black.  Top  of 
head  straight,  dipping  abruptly  at  front  of  eye  to  short,  blunt  snout; 
dorsal  and  ventral  profiles  almost  horizontal,  the  slope  being  very 
slight  to  the  short,  thick  peduncle;  eye  very  large,  3.7  in  head,  almost 
filling  the  space  between  the  top  of  the  head  and  the  maxillary  line; 
pupil  elliptical;  nostrils  large,  oval,  half-way  between  eye  and  snout, 
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with  a conspicuous,  raised  rim,  showing  white,  narial  tissue,  and  an 
elevated,  anterior  flap;  the  mouth  is  exceedingly  long,  the  maxillary 
1.5  in  head,  and  straight. 

There  are  5 short,  recurved  teeth  on  each  premaxillary  ramus, 
and  24  along  the  maxillary,  separated  and  rather  irregular;  on  the 
posterior  third  these  tend  to  be  arranged  in  pairs;  on  the  mandible 
are  44  teeth,  equally  small  and  curved;  some  of  these  are  not  in 
perfect  alignment,  but  there  is  no  evidence  of  biseriality;  each  pala- 
tine has  6 teeth,  but  there  are  none  on  the  vomer. 

The  skin  is  thin  and  scaleless,  the  lateral  line  well  marked, 
horizontal  except  near  the  opercle  where  it  rises  gently.  The  gill 
opening  is  large;  the  gill  membranes  quite  free  from  the  isthmus; 
there  are  9 branchiostegals. 

The  dorsal  fin  is  low  and  is  twice  as  long  as  the  equally  low  anal; 
the  former  begins  far  in  advance  of  the  anal,  over  the  origin  of  the 
pelvics;  the  pectorals  are  close  to  the  ventral  profile  and  beneath 
the  opercular  membranes,  very  short  and  quite  functionless,  al- 
though the  10  minute  rays  are  fully  webbed;  the  pelvics  are  well- 
developed,  elongate,  close  behind  the  center  of  the  body,  and  also 
close  to  the  ventral  line;  the  last  rays  of  each  are  inserted  so  close 
together  that  they  almost  touch. 

Type  in  the  collections  of  the  Department  of  Tropical  Research 
of  the  New  York  Zoological  Society. 

Reference 

Macromastax  gymnos 

Beebe  1933,  p.  162,  fig.  40.  (Type  description). 

Photostylus  Beebe  1933 

This  genus  differs  from  all  the  Alepocephalidae  except  Anomal- 
opterus  in  having  a prominent  pre-dorsal  fold  or  adipose  fin  along 
the  back.  It  differs  from  that  and  other  closely  related  genera 
(such  as  Rouleina  and  Xenodermichthys)  in  its  steeply  ascending, 
concave  snout,  small  head  and  relatively  high  and  well  developed 
pectoral  fins.  The  skin  is  without  scales;  the  jaws  are  equal,  with 
a prominent  symphysial  knob;  the  mouth  moderately  large;  teeth 
present  on  the  premaxillary,  maxillary,  mandible  and  palatine;  6 
branchiostegals;  pectorals  large  and  placed  high;  pelvics  small; 
vertical  fins  almost  equal,  far  back. 
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Photostylus  pycnopterus  Beebe  1933 

(Fig.  23) 

Type:  Department  of  Tropical  Research,  No.  10,217;  Bermuda 
Oceanographic  Expeditions  of  the  New  York  Zoological  Society; 
Net  137;  May  30,  1929;  9 miles  south-east  of  Nonsuch  Island, 
Bermuda;  800  fathoms;  Standard  length  64  mm. 

Measurements  and  Counts:  (From  fresh  specimen,  now 
shrunken  as  to  length  and  eye).  Total  length  71  mm;  standard 
length  64  mm;  depth  9.2  (in  length  6.9);  head  11  (in  length  5.9); 
eye  2.5  (in  head  4.4);  interorbital  2.5  (in  head  4.4);  snout  4 (in  head 
2.7);  maxillary  5.8  (in  head  1.9);  branchiostegals  6;  pectoral  rays 


18;  longest  pectoral  ray  4.3;  pelvic  rays  6;  pelvic  length  4;  dorsal 
13)^;  anal  173^;  caudal  rays  ca.  35;  caudal  tip  slightly  broken. 

General  Description:  Considerably  elongate  and  com- 
pressed; body  profiles  almost  horizontal,  sloping  very  slightly  back- 
ward to  the  tail;  the  nape  is  somewhat  elevated,  and  the  head  de- 
pressed, the  top  of  the  head  curving  evenly  down  to  the  eye,  from 
whence  to  the  tip  of  the  snout  the  profile  is  concave;  the  ventral 
profile  of  the  mandible  extends  obliquely  downward,  with  a prom- 
inent posterior  angle,  well  below  the  profile  of  the  head ; the  vertical 
fins  arise  from  elevated  fleshy  bases,  considerably  increasing  the 
depth  of  the  posterior  body  profile. 

The  head  is  small  and  considerably  depressed  when  compared 
with  other  Alepocephalids;  the  snout  is  blunt;  eye  small,  placed 
centrally  in  the  head,  pupil  small;  nostrils  very  large,  roughly  tri- 
angular, separated  by  a narrow  septum,  much  closer  to  eye  than  to 
tip  of  snout;  mouth  moderately  large,  jaws  equal  in  front;  the 
symphysis  of  the  mandible  is  prolonged  downward  (not  forward  as 
in  Bajacalifornia)  into  a prominent  knob;  the  maxillary  is  flat  and 
greatly  widened  posteriorly,  extending  to  the  vertical  of  the  poster- 
ior border  of  the  eye. 
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Small  teeth  in  uniserial  rows  are  present  on  the  premaxillary 
(27),  maxillary  (17),  mandible  (24),  and  palatine  (2);  the  vomer  is 
toothless;  the  teeth  are  close-set  but  besides  the  symphysial  gaps, 
there  are  other  occasional,  narrow,  asymmetrical  gaps  and  a few 
replacement  teeth. 

The  skin  is  smooth,  not  noticeably  thin,  and  scaleless  even 
along  the  lateral  line;  the  gill  membranes  are  free  from  the  isthmus. 
The  head  and  body  are  covered  with  an  irregular  scattering  of 
photophores,  elevated  on  stalks:  These  consist  of  a terminal  pig- 
mented body,  with  a white  or  iridescent  summit,  the  whole  elevated 
on  a thick,  colorless  stalk.  These  are  most  abundant  on  the  sides 
of  the  head,  along  the  jaws,  on  opercles  and  branchiostegals.  On 
the  body  they  are  irregular  and  asymmetrically  distributed,  no 
portion,  even  the  fin-rays,  being  quite  free  from  them. 

From  the  inter-mandibular  membrane  arise  four  pairs  of  singu- 
lar looking  organs,  leaf-like  but  rather  thick  and  dead  white.  To- 
gether with  several  small,  adjacent  patches,  these  seem  to  form  an 
illuminating  organ,  comparable  with  nothing  with  which  I am  familiar 
in  any  other  Alepocephalid. 

The  vertical  fins  are  short,  rather  high,  and  placed  far  back  on 
the  body;  the  anal  is  slightly  the  longer,  originating  a little  in  advance 
of  the  dorsal;  the  caudal  is  well-developed,  slightly  forked;  there  are 
a few  photophores  scattered  over  the  bases  of  all  vertical  fins;  the 
pectorals  are  many-rayed,  only  slightly  below  the  lateral  line,  and 
well  above  the  ventral  profile;  pel  vies  shorter,  very  low,  and  about  the 
middle  of  the  body.  On  the  nape,  just  back  of  the  vertical  of  the 
fleshy  base  of  the  pectorals,  there  rises  a thick,  fleshy,  median  fold 
or  adipose  fin.  This  increases  slightly  in  height  and  extends  back 
to  the  dorsal,  where  it  merges  with  the  raised,  fleshy  base  of  that  fin. 

Looked  at  as  a whole,  this  fish  bears  an  amazing  superficial 
resemblance  to  a larval  Melanostomid — in  particular  in  the  low- 
swung  head,  the  prominent  mandibular  angle  and  the  fleshy  bases 
of  both  paired  and  vertical  fins. 

Type  in  the  collections  of  the  Department  of  Tropical  Re- 
search of  the  New  York  Zoological  Society. 

Reference 

Photostylus  pycno'pterus 

Beebe  1933,  p.  163,  fig.  41.  (Type  description). 
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Genus  Xenodermichthys  Gunther  1878 

Generic  Characters:  Form  moderately  elongate,  much 
compressed;  body  naked  or  with  minute,  rudimentary  scales; 
tubercular  luminous  organs  present  at  least  on  trunk;  head  moder- 
ately large;  minute  teeth  at  least  on  premaxillaries  and  mandible; 
6 or  7 branchiostegals;  paired  fins  small;  dorsal  and  anal  equal, 
fairly  long  (27  to  33  rays  each)  and  about  opposite. 

Number  of  Species:  The  genus  Xenodermichthys , as  now 
distinguished  from  Rouleina , includes  three  species,  one  of  which 
was  taken  by  the  Bermuda  Oceanographic  Expeditions.  All  three 
are  closely  related,  and  the  two  Atlantic  species  are  probably 
synonymous. 

Geographical  Distribution:  X.  copei  (Gill  1884),  previously 
known  only  from  the  type  specimen,  is  from  the  western  Atlantic; 
X.  socialis  Vaillant  1888  has  been  taken  at  many  stations  in  the 
eastern  and  south-eastern  Atlantic;  X.  nodulosus  Gunther  1878, 
also  known  only  from  the  type,  was  taken  by  the  Challenger  off 
Japan.  (See  fig.  24). 

Vertical  Distribution:  Xenodermichthys  has  been  taken  at 
depths  ranging  all  the  way  from  82  to  2949  fathoms  (150  to  5393 
meters) ; the  Bermuda  examples  were  caught  at  600  and  700  fathoms 
(1097  and  1280  meters). 

Abundance : 

World:  As  has  already  been  said,  two  of  the  three  species  in 
the  genus  have  previously  been  known  only  from  the  type  specimens. 
X.  socialis  has  been  taken  about  20  times. 

Bermuda:  This  fish  is  very  rare  in  the  Bermuda  hauls. 

Sociability:  Although  all  three  of  the  Bermuda  specimens 
were  taken  singly,  133  of  the  young  fish  recorded  by  Vaillant  (1888 
p.  165)  came  up  in  the  same  net,  while  3 of  the  Monaco  Expeditions 
examples  were  taken  at  the  same  time  (Roule  and  Angel,  1930,  p. 
12).  Hence  schooling  does  indubitably  occur  within  the  genus. 

Food:  A young  Bermuda  specimen  had  fed  upon  small  crus- 
taceans. 

Enemies:  Xenodermichthys  has  not  yet  been  found  in  the  stom- 
ach of  any  animal,  nor  have  parasites  been  observed. 

Viability:  There  is  no  record  of  a living  Xenodermichthys 
having  been  brought  to  the  surface. 
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Fig.  24.  Xenodermichthys  Gunther.  The  approximate  geographical  and  vertical  distribution  of  all  recorded  specimens  of 
the  genus.  The  relative  number  of  specimens  taken  by  the  Bermuda  Oceanographic  Expeditions  at  600  and  700  fathoms  (the 
limits  of  its  Bermuda  vertical  range)  is  shown  diagrammatically  at  the  right,  for  comparison  with  the  previously  known  vertical 
range  of  the  genus. 
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Size:  The  largest  specimen  of  the  genus  on  record  is  Gunther’s 
X.  nodulosus,  which  measured  about  200  mm  in  length.  The  small- 
est is  the  20  mm  specimen  of  X.  socialis,  recorded  by  Holt  and  Byrne 
(1908,  V,  p.  48),  from  off  the  south-west  coast  of  Ireland. 

The  three  examples  of  the  present  collection  are  all  adolescent, 
measuring  between  27  and  34  mm. 

Xenodermichthys  copei  (Gill  1884) 

Specimens  taken  by  the  Bermuda 
Oceanographic  Expeditions 

3 specimens;  September  only;  1929  and  1930;  600  and  700 
fathoms;  from  a cylinder  of  water  8 miles  in  diameter  (5  to  13  miles 
south  of  Nonsuch  Island,  Bermuda),  the  center  of  which  is  at  32°  12' 
N.  Lat.,  64°  36'  W.  Long.;  Standard  lengths  from  27  to  34  mm. 

Previously  Recorded  Specimen 

Type  specimen  only;  2949  fathoms;  Western  Atlantic;  Standard 
length  88  mm  (Fig.  24). 

Adult  Specific  Characters 

As  all  of  the  Bermuda  specimens  are  immature,  the  character- 
istics of  the  type  alone  are  given  in  this  place.  Color:  uniform 
blackish.  Proportions:  Depth  in  length,  5.5;  head  in  length  3.7; 
eye  in  head  2;  snout  in  head  5;  maxillary  extends  to  vertical  from 
middle  of  orbit.  F inray  Counts:  Not  on  record;  from  figure  of  the 
type,  dorsal  and  anal,  each,  about  28.  Teeth:  Minute,  on  pre- 
maxillary and  mandible.  Tubercles:  None  visible  on  head,  but  nu- 
merous on  the  body  (about  101  are  shown  in  the  figure  of  the  type). 
The  upper  portion  of  the  eye  does  not  interrupt  the  dorsal  profile  of 
the  head. 

Development 

The  three  Bermuda  specimens  are  all  typical  adolescents, 
characterized  by  a close  resemblance  to  the  adult  except  in  the 
slenderness  of  the  body  and  the  large  head,  with  somewhat  small 
eye,  and  in  the  partially  developed  skeletal  and  reproductive  systems. 
A description  of  one  of  the  smaller  specimens  (Fig.  25),  in  which 
the  tubercles  were  especially  well  preserved,  follows : 

Trawling  Data:  Department  of  Tropical  Research  No.  17,509; 
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Bermuda  Oceanographic  Expeditions  of  the  New  York  Zoological 
Society;  Net  822;  Sept.  1,  1930;  8 miles  south  of  Nonsuch  Island, 
Bermuda;  600  fathoms;  Standard  length  27  mm. 

Measurements  and  Counts:  Total  length  32  mm;  standard  length 
27  mm;  depth  5.4  (in  length  5);  head  8 (in  length  3.4);  eye  3 (in 
head  2.7);  snout  1.6  (in  head  5);  maxillary  3.5  (in  head  2.3);  paired 
fins  too  damaged  for  counting;  dorsal  rays  27;  anal  rays  27;  6 or  7 
branchiostegals. 

External  Characters:  General  color  dark  brown,  darkest  on  lower 
part  of  head,  opercles  and  abdomen,  lightest  on  crown,  shoulders 
and  base  of  caudal.  In  a fresh  specimen  of  equal  size  the  photo- 
phores  were  dull  blue  much  obscured  by  pigment. 

The  considerably  compressed,  moderately  elongate  body  tapers 
regularly  from  shoulders  to  caudal  base,  being  about  two  and  one- 
half  times  deeper  at  the  shoulder  than  at  the  narrowest  part  of  the 
caudal  peduncle.  None  of  the  fin  bases  are  elevated  and  all  of  the 
rays  are  short.  The  head  is  of  moderate  size,  the  forehead  sloping 
very  gradually  to  the  short,  slightly  convex  snout.  The  large, 
elliptical  eye  does  not  interrupt  the  cephalic  profile,  and  is  surrounded 
by  a thick,  fleshy  fold.  The  single  pair  of  nostrils  is  located  high  on 
the  snout,  close  to  the  eye.  The  mouth  is  rather  small,  the  broad 
maxillary  extending  only  to  the  vertical  from  about  the  middle  of 
the  eye.  Teeth  are  present  in  the  premaxillary  (about  20)  and 
mandible  (at  least  35  in  each  half);  all  are  minute,  nearly  equal, 
although  those  in  the  premaxillary  are  slightly  broader  and  wider 
set.  The  paired  fins  are  both  very  short,  the  pelvics  reaching  to 
about  half  way  between  their  origin  and  that  of  the  anal.  The 
latter  is  opposite  the  dorsal  and  equal  to  it.  The  caudal  is  forked. 

There  is  no  trace  of  scales  even  in  the  lateral  line.  The  longi- 
tudinal wrinkles  set  with  tiny  papillae  (remarked  in  X.  socialis  by 
Collett,  Holt  and  Byrne,  and  Roule)  are  present  here  also,  but  are 
exceedingly  minute,  being  barely  visible  under  low  power  magnifica- 
tion. They  are  in  the  best  condition  along  the  middle  of  the  side, 
just  below  the  lateral  line.  The  latter  is  complete  from  opercle 
to  caudal  base;  it  begins  just  above  the  dorsal  end  of  the  gill  opening, 
descending  gradually  to  the  middle  of  the  side,  which  it  reaches  at 
the  vertical  from  the  pelvic  fin  base.  From  here  it  continues  straight 
backwards  to  the  caudal  base. 

The  short  tubercles  surmounted  by  photophores  (in  preserva- 
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tive  whitish,  clouded  by  pigment)  are  distributed  as  follows  over 
each  side  of  the  head  and  body : Head  about  25,  small  on  the  crown, 
larger  below  the  eye  (in  a border  of  4),  on  mandible,  opercles  and 
branchiostegal  membranes;  body,  above  lateral  line,  about  20; 
body,  below  lateral  line,  about  98;  total  138.  The  skin  above  the 
lateral  line  is  badly  damaged,  many  of  the  photophores  having 
evidently  been  lost,  and  no  evidence  of  arrangement  remains. 
Below  the  lateral  line,  however,  from  the  pectoral  base  to  that  of  the 
caudal  fin  the  photophores  are  arranged,  quincunxially,  in  definite, 
oblique  rows  which  slant  downwards  and  back.  The  98  photophores 
are  distributed  among  these  rows  as  follows:  Between  base  of  pectoral 
and  base  of  pelvic,  6 rows  averaging  6 tubercles  each ; between  base 


Fig.  25.  Xenodermichthys  copei  (Gill).  Adolescent  specimen,  27  mm.  in  length. 


of  pelvic  and  origin  of  anal,  2 rows  of  5 and  6 tubercles  respectively; 
between  origin  of  anal  and  base  of  caudal,  traces  of  at  least  15  rows 
averaging  3 to  4 tubercles  each.  On  the  caudal  fin  are  found  4 
single  lights  on  the  lower  fin  rays. 

Osteology:  In  the  cleared  and  stained  specimen  it  is  seen  that  the 
hyomandibular,  preopercle,  opercle,  post-temporal  and  supra- 
clei thrum  are  fairly  well  ossified.  The  parasphenoid,  gill-rakers, 
atlas  and  first  six  vertebrae  show  a lesser  degree,  while  only  faint 
traces  are  found  on  the  margins  of  the  mandible,  quadrate  and 
branchiostegals.  The  7th  through  the  21st  vertebrae  also  show  a 
very  light  stain,  confined  in  the  last  of  these  to  the  dorsal  and  ventral 
profiles  alone  of  the  bones.  The  finrays  were  all  destroyed  during 
the  clearing  process,  but  neither  the  pelvic  girdles,  the  baseosts  of 
the  verticals,  the  hypurals,  epurals  nor  urostyle  show  the  least 
trace  of  ossification. 

The  bones  of  the  right  side  of  the  skull  are  considerably  less 
highly  ossified  than  those  of  the  left. 

In  so  far  as  it  can  be  determined  from  the  incomplete  state  of 
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development  of  the  bones,  the  structure  of  the  skull  is  similar  to 
that  found  in  Alepocephalus  productus  (Gregory,  1933;  fig.  51). 

Digestive  System:  The  relative  positions,  proportions  and  shape 
of  the  stomach,  caeca  and  intestine  are  exactly  as  described  and 
figured  by  Vaillant  (1888,  p.  164  and  pi.  XIII  fig.  lg)  for  X . socialis. 
The  black  stomach  of  the  present  specimen  measures  3 mm  from 
the  end  of  the  oesophagus,  or  1.6  mm  from  the  anterior  end  of  the 
intestine,  to  the  tip  of  the  blind  sac.  The  six  caeca  are  white.  The 
intestine  proceeds  straight  backwards  for  some  distance,  then 
describes  three  convolutions  in  the  region  of  the  pelvic  fin,  followed 
by  an  abrupt  swelling,  which  contracts  into  an  elongate,  funnel-like 
neck  just  before  reaching  the  anus.  The  last,  narrow  section  is 
almost  black,  the  remainder  of  the  intestine  brown.  The  position 
and  form  of  liver  and  gall-bladder  are  unknown,  as  they  were  torn 
away  through  the  damaged  right  side.  Lining  of  coelom,  dark 
brown. 

Reproductive  System:  The  gonads  extend  the  full  length  of  the 
dorsal  wall  of  the  coelom  as  very  slender,  white  strands.  They 
show  no  evidence  of  being  at  all  close  to  breeding  condition,  and  it 
is  impossible  to  determine  the  sex  of  the  specimen. 

Ecology 

Vertical  and  Seasonal  Distribution:  The  three  specimens 
all  were  taken  at  600  and  700  fathoms  in  the  month  of  September 
only. 

Food:  The  single  stomach  examined  was  completely  filled  by 
a finely  digested  shrimp.  In  the  anterior  two-thirds  of  the  intestine 
a large  amount  of  unrecognizable  crustacean  remains  was  found. 

Discussion 

The  two  Atlantic  species  of  Xenodermichthys,  copei  (Gill  1884) 
from  the  western  Atlantic  and  socialis  Vaillant  1888  from  the 
eastern  Atlantic,  are  distinguished  in  the  adult  chiefly  by  the 
larger  head  (3.7  in  length,  not  4 to  4.3)  and  larger  eye  (2  in  head,  not 
2.5  to  2.8)  of  X.  copei.  Due  to  the  immaturity  of  the  present 
specimens  no  attempt  is  made  here  to  decide  the  question  of  the 
identity  of  the  two  species.  The  Bermuda  specimens  agree  slightly 
better  with  the  descriptions  of  the  young  of  X.  socialis  by  Holt  and 
Byrne  (1908,  V,  p.  48)  than  with  that  of  the  fairly  large  type  speci- 
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men  of  X.  copei.  However,  the  characters  involved,  such  as  the 
small  size  of  the  eye,  vary  from  the  type  only  to  a degree  usually 
found  in  young  Alepocephalids  when  compared  with  older  ones,  and 
in  view  of  their  geographical  occurrence  the  Bermuda  specimens  are 
referred  to  copei. 

Study  Material 

The  following  list  gives  the  catalogue  number,  net  number, 
depth  in  fathoms,  date,  length  and  growth  stage  of  each  specimen  of 
Xenodermichthys  copei  taken  by  the  Bermuda  Oceanographic 
Expeditions.  All  were  caught  in  the  cylinder  of  water  off  the 
Bermuda  coast  previously  described  (p.  5). 


No.  13,871;  Net  511;  700  F.;  Sept.  27,  1929;  34  mm;  Adolescent. 

No.  17,509;  Net  822;  600  F.;  Sept.  1,  1930;  27  mm;  Adolescent. 

No.  18,607;  Net  890;  600  F.;  Sept.  15,  1930;  27  mm;  Adolescent. 

Specimen  No.  17,509  (KOH  No.  1147)  was  cleared  and  dyed  in 

order  to  study  the  skeleton. 

In  the  files  is  outline  drawing  no.  B509. 

Synonymy  and  References 

Aleposomus  copei 

Gill  1884,  p.  433.  (Brief  preliminary  note  on  the  type  specimen). 
Goode  and  Bean  1895,  p.  47,  fig.  51.  (Complete  description  of 
type  specimen). 

Jordan  and  Everman  1896,  p.  459.  (Resume  of  the  description 
by  Goode  and  Bean). 

Brauer  1906,  p.  21.  (Key  to  the  species  of  Aleposomus). 

Roule  1919,  p.  10.  (Discussion  of  possible  synonymy  of  A. 
copei  and  X.  socialis). 

Xenodermichthys  copei 

Norman  1930,  p.  270.  (Mention  of  possible  synonymy  of  X. 
copei  and  X.  socialis). 
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DEEP-SEA  FISHES  OF  THE  BERMUDA 
OCEANOGRAPHIC  EXPEDITIONS 

Family  ARGENTINIDAE 
By  William  Beebe 
ARGENTINIDAE 

Salmonoid  Isospondylous  fishes  having  an  orbitosphenoid, 
no  opisthotic,  no  upturned  vertebrae  at  base  of  caudal  fin,  no  teeth 
on  the  meso-pterygoids,  a mesocoracoid  and  inferior  parapophyses. 

Genus  Bathylagus  Gunther  1878 

Generic  Characters:  Body  compressed  and  elongate,  covered 
with  thin,  deciduous  scales  of  medium  size;  no  regular  photophores; 
head  short  and  compressed,  with  thin,  membranous  bones;  mouth 
very  small,  transverse,  anterior;  maxillary  very  short,  dilated; 
the  teeth  of  both  premaxillary  and  maxillary  rudimentary  or  absent; 
minute  teeth  present  on  mandible,  vomer  and  palatine;  eye  very 
large;  pectoral  and  pelvic  fins  inserted  close  to  ventral  profile, 
the  pel  vies  under  the  dorsal  which  is  close  to  the  middle  of  the  body; 
anal  fin  moderate,  with  up  to  about  25  rays;  adipose  fin  present;  gill 
opening  narrow;  gill  membranes  united  and  not  attached  to  isthmus; 
gill-rakers  rather  long;  pseudobranchiae  well  developed;  3 or  4 
branchiostegals. 

Number  of  Species:  Twelve  species  have  been  recorded,  of 
which  two  have  been  taken  by  the  Bermuda  Oceanographic  Expedi- 
tions. 

Geographical  Distribution:  Members  of  the  genus  are  known 
from  the  Atlantic  and  Antarctic  Oceans  and  from  the  Pacific  coast  of 
North  and  Central  America. 

Vertical  Distribution:  The  species  of  Bathylagus  are  all 
bathypelagic.  Most  of  the  Bermuda  examples  came  from  between 
600  and  800  fathoms,  with  an  extreme  range  of  400  to  1000  fathoms. 
The  temperatures  in  the  trawling  area  at  the  latter  depths  were 
found  to  be  about  52.8°  Fah.  (11.5°  C.)  and  38.7°  Fah.  (3.7°  C.) 
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respectively.  The  pressures  at  the  same  depths  are  1176  and  2940 
pounds  per  square  inch. 

Abundance: 

World:  All  of  the  species  of  Bathylagus  have  been  known  pre- 
viously from  less  than  a score  of  specimens  each. 

Bermuda:  A total  of  119  specimens  have  been  taken  by  the 
Bermuda  Oceanographic  Expeditions.  In  the  order  of  abundance 
of  individuals  in  the  nets,  Bathylagus,  the  only  deep-sea  representa- 
tive of  its  family,  ranks  seventh  among  the  deep-sea  Isospondyls  (in 
a total  of  42  genera)  and  about  fifteenth  among  all  of  the  deep-sea 
fishes  (including  at  least  120  genera). 

Sociability:  The  two  Bermuda  species  of  the  Bermuda  collec- 
tion show  some  evidence  of  sociability,  two  or  three  specimens, 
not  always  of  approximately  the  same  size,  having  been  found  in  a 
single  net  upon  thirteen  occasions.  Only  once,  however,  were 
specimens  of  both  B.  benedicti  and  B.  glacialis  brought  up  in  the  same 
net. 

Food  : Of  the  seventeen  stomachs  examined  only  four  contained 
any  food  at  all;  this  consisted  entirely  of  small  crustaceans.  Un- 
recognizable matter  was,  however,  present  in  most  of  the  intestines. 

Enemies:  Bathylagus  has  not  yet  been  found  in  the  stomach 
of  any  animal,  nor  have  parasites  been  observed. 

Viability:  None  of  the  Bermuda  specimens  has  been  brought 
alive  to  the  surface. 

Size:  The  longest  known  specimens  measure  about  200  mm. 
The  largest  Bermuda  female,  of  94  mm,  seemed  near  breeding 
condition. 

Development:  Adolescents  far  outnumber  the  uncommon 
post-larvae  and  rare  adults  in  the  Bermuda  collection.  All  occurred 
throughout  the  Bermuda  trawling  seasons  from  April  to  September. 
No  larvae  were  taken. 

In  comparison  with  the  adults,  the  young  of  both  species  have 
in  common  the  following  traits:  A slight  to  moderate  amount  of 
pigment;  slender  bodies;  small  eyes;  mandibular  teeth  developing 
more  rapidly  than  those  of  the  vomer  and  palatine  with  which 
they  articulate;  scales  appearing  in  early  adolescence,  at  25  or  30 
mm ; unpaired  fins  almost  fully  developed  in  post-larval  stage,  ahead 
of  the  paired  fins;  traces  of  finfolds  persisting  into  late  adolescence 
as  elongate  adipose  fins;  jaws,  parasphenoid,  proximal  parts  of 
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Fig.  26.  Bathylagus  benedicti  Goode  and  Bean.  The  approximate  geographical  and  vertical  distribution  of  all  recorded 
specimens.  The  relative  number  of  specimens  taken  at  different  depths  by  the  Bermuda  Oceanographic  Expeditions  is  shown 
diagrammatically  at  the  right,  for  comparison  with  the  previously  known  vertical  range  of  the  species. 
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finrays,  caudal  base  and  anterior  vertebrae  in  the  order  named  are 
the  first  bones  to  ossify. 

The  general  characteristics  of  the  post-larvae,  adolescents, 
and  adults  of  Bathylagus  agree  with  the  definitions  of  those  stages 
given  in  the  Introduction  (p.  );  their  specific  characteristics  will 

be  found  in  succeeding  pages  in  the  discussions  of  the  development 
of  each  species. 

Key  to  the  Immature  Specimens  of  Bermuda  Bathylagus 


A.  General  body  color  pale  brownish  with  two  conspicuous, 
lateral  bands  of  pigment  spots,  one  above  and  one  below 
lateral  line,  from  shoulder  to  caudal  base;  eyes,  viewed  from 

above,  not  converging  anteriorly B.  glacialis 

A A.  General  body  color  blackish;  no  lateral  rows  of  pigment 

spots;  eyes,  viewed  from  above,  definitely  converging B.  benedicti 


Bathylagus  benedicti  Goode  and  Bean  1895 

Specimens  taken  by  the  Bermuda 
Oceanographic  Expeditions 

20  specimens;  April  to  September,  1929  to  1931;  400  to  1000 
fathoms;  from  a cylinder  of  water  8 miles  in  diameter  (5  to  13  miles 
south  of  Nonsuch  Island,  Bermuda),  the  center  of  which  is  at  32°  12' 
N.  Lat.,  64°  36'  W.  Long.;  Standard  lengths  from  18  to  91  mm. 

Previously  Recorded  Specimens 

9 specimens;  550  to  1925  fathoms;  North  and  South  Atlantic; 
Standard  lengths  from  108  to  158  mm.  (Fig.  26). 

Adult  Specific  Characters 
(Fig.  27B) 

Bathylagus  benedicti  is  deeper  (depth  5 to  5.6  in  length)  than  any 
of  the  other  members  of  the  genus  having  the  dorsal  origin  nearer 
snout  than  caudal  base  and  the  anal  with  at  least  16  rays,  except 
B.  antarcticus,  B.  paciftcus  and  B.  euryops.  From  the  first  it  is 
distinguished  by  the  fewer  anal  rays  (19,  not  22  to  25),  from  the 
second  by  the  smaller  head  (4.2  to  4.3,  in  length,  not  4 to  4.1)  and 
larger  eye  (about  2 in  head,  not  2.25  to  2.5),  and  from  the  third  by 
the  longer  base  of  the  anal  fin  (about  5.6  in  length,  not  6.2  to  6.7). 
Color:  Skin  of  whole  body  as  well  as  deeper  layers  of  dermis  dark 
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brownish  or  blackish;  scale  pouches  rimmed  with  black;  the  darkest 
regions  are  the  interorbital,  lower  part  of  head,  opercles  and  abdo- 
men. Proportions:  Depth  in  length  5 to  5.7;  head  in  length  3.9  to 
4.3;  eye  in  head  2 to  2.2,  greater  than  post-orbital  region;  inter- 
ocular width  in  head  2.7  to  3.2,  interorbital  width  in  head  5.7  to 
6.4;  snout  in  head  6;  origin  of  dorsal  nearer  snout  than  base  of  caudal; 
pelvic  origin  under  last  half  of  dorsal;  origin  of  anal  2.9  to  3.2  times 
as  distant  from  end  of  snout  as  from  base  of  caudal;  length  of  anal 
base  in  that  of  fish  5.6  to  5.7.  Finray  Counts:  Pectoral  10;  pelvic 
9;  dorsal  9 to  10;  anal  18  to  19.  Teeth:  Rudimentary  or  absent  in 
premaxillary  and  maxillary;  minute  and  fairly  numerous  on  mandible, 
vomer  and  palatine.  Scales:  About  40  in  a longitudinal  series. 
Gill-rakers:  About  13  in  lower  part  of  first  branchial  arch. 

Development 

The  Bermuda  collection  contains  nineteen  young  fish  and  one 
which  is  probably  completely  mature.  The  young  specimens  fall 
into  two  groups,  the  first  consisting  of  specimens  with  characters 
about  intermediate  between  a post-larval  and  adolescent  stage,  and 
a second  group  of  older  fish  which  are  obviously  typically  adolescent. 
The  relation  of  these  growth  stages  to  standard  length  and  numerical 
abundance  is  shown  in  the  following  table. 

Transition  Stage  Between  Post-Larva  and  Adolescent: 
(Fig.  27A).  Eight  specimens  of  the  post-larval  transition  stage  were 
taken,  measuring  between  18  and  22  mm.  They  differ  from  adoles- 
cents and  adults  in  their  proportions,  the  presence  of  finfold  traces, 
and  the  lack  of  ossification.  They  are  referred  to  a transition  stage 
rather  than  to  the  true  post-larval  due  to  the  following  points:  All 
of  the  finrays  are  distinct;  there  is  no  characteristic  contour  unlike 
adolescent  and  adult,  as  is  so  frequently  found  in  post-larvae;  and 
the  scales  are  well  developed. 

Trawling  Data:  For  the  description  of  all  of  the  characters 
except  those  of  the  skeletal  system  the  following  specimen  was 
selected:  Department  of  Tropical  Research  No.  9,653;  Bermuda 
Oceanographic  Expeditions  of  the  New  York  Zoological  Society; 
Net  41;  April  25,  1929;  12  miles  south-east  of  Nonsuch  Island,  Ber- 
muda; Standard  length  18  mm. 

No.  15,416  (Cleared  and  Stained  Collection  No.  1064),  18 
mm,  was  examined  for  skeletal  characteristics. 
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The  Relation  of  Growth  Stage  to  Length  and  Numerical  Abundance  in 

Bathylagus  benedicti 
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Measurements  and  Counts:  Total  length  21.7  mm;  standard 
length  18  mm;  depth  2.7  (in  length  6.7);  head  5.4  (in  length  3.3); 
eye  1.9  (in  head  2.8);  snout  .75  (in  head  7.2);  maxillary  1.3  (in  head 
4.6);  interocular  1.9  (in  head  2.8);  snout  to  anal  origin  14,  the  first 
finray  3 times  nearer  caudal  base  than  tip  of  snout;  anal  base  3 (in 
length  6);  pectoral  rays  10;  pectoral  length  2.7;  pelvic  rays  9,  origin 
under  7th  dorsal  ray;  pelvic  length  1.8;  dorsal  rays  10;  anal  rays  18; 
caudal  rays  XI  + 11  + 10  + X;  adipose  length  3 (in  anal  base  1); 
gill-rakers  well  developed. 

External  Characters:  The  entire  fish  is  brownish,  with  the  body 
almost  uniformly  speckled  with  small  black  chromatophores.  The 
upper  postorbital  region  is  pale  and  translucent;  the  interorbital, 
jaws,  opercles  and  abdomen  very  dark,  brownish-black.  Iris  black. 

The  moderately  compressed  and  elongate  body  tapers  sym- 
metrically from  the  nape  to  the  caudal  base,  where  the  depth  is 
over  half  that  of  the  shoulder.  The  bases  of  all  of  the  fins  are 
noticeably  elevated. 
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The  top  of  the  head,  scarcely  raised  above  the  level  of  the  nape, 
is  broad  and  flattened,  the  snout  convex,  and  the  lips  full.  The 
gradual  curve  of  the  opercular  membranes  mark  the  ventral  cephalic 
profile  below  the  mouth  and  on  backward  to  the  gill  opening.  The 
diameter  of  the  eyes  is  less  than  the  length  of  the  postorbital  region 


Fig.  27.  Bathylagus  bene dicti  Goode  and  Bean.  A,  transitional  post-larva,  18  mm.;  B, 
young  adult,  91  mm. 

and  less  than  twice  that  of  the  snout.  They  converge  anteriorly, 
their  dorsal  portion  being  slightly  elevated  above  the  interorbital 
profile.  Although  the  socket  holding  the  lens  has  an  anterior 
scallop,  which  possibly  permits  a forward  movement  or  rotation  of 
the  lens,  the  iris  and  eyeball  are  both  perfectly  round.  The  nostrils 
are  widely  separated,  placed  slightly  nearer  the  anterior  margin  of 
the  eye  than  the  tip  of  the  snout,  and  are  of  moderate  size.  The 
broad  and  exceedingly  delicate  maxillary  reaches  the  anterior  edge 
of  the  iris. 

There  are  single,  close-set  series  of  exceedingly  minute  teeth  on 
the  premaxillary  and  mandible;  maxillary  toothless;  vomer  with  one 
pair  of  comparatively  large  fangs;  palatine  toothless. 

Around  the  eye  and  along  the  mandible  minute  pores  are  ar- 
ranged as  in  the  adult.  The  lateral  line  follows  the  midline  of  the  side, 
and  is  conspicuous.  The  operculum  extends  upwards  to  the  hori- 
zontal through  the  middle  of  the  eye. 

The  scales  are  well  developed,  and,  as  far  as  can  be  determined 
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from  the  scale  pouches,  are  arranged  as  in  the  adult.  Individually, 
they  differ  in  having  only  about  one-fourth  as  many  circuli  as  in  the 
adult  fish. 

The  rays  of  all  of  the  fins  are  distinct,  though  very  soft.  The 
paired  fins  are  placed  close  to  the  ventral  profile.  The  caudal  is 
deeply  forked.  Between  the  last  of  its  dorsal  profile  spines  and  the 
first  of  its  long,  terminal  rays  the  tip  of  the  urostyle  projects  obliquely 
upwards  and  back.  The  adipose  fin  originates  in  front  of  the  vertical 
from  the  anal  origin  and  equals  in  length  the  anal  base.  In  front 
of  the  dorsal  are  traces  of  a finfold,  and,  ventrally,  the  extreme  tip 
of  the  gut  protrudes  from  the  remains  of  a pre-anal  finfold. 

Skeletal  System:  There  is  no  trace  whatever  of  ossification. 

Adolescent:  The  adolescents  of  the  collection  are  eleven  in 
number  and  measure  from  24  to  51  mm.  They  are  typical  of  that 
growth  stage  in  closely  resembling  the  adult,  but  in  having  minor 
external  differences,  a partially  ossified  skeleton  and  immature 
gonads.  Descriptions  of  characteristic  examples  follow. 

Trawling  Data:  All  of  the  characters  except  those  of  the  skeletal 
system  are  taken  from  Department  of  Tropical  Research  No. 
12,418;  Bermuda  Oceanographic  Expeditions  of  the  New  York 
Zoological  Society;  Net  380;  Aug.  16,  1929;  8 miles  south  of  Nonsuch 
Island,  Bermuda;  700  fathoms;  Standard  length  37  mm. 

No.  11,414  (Cleared  and  Stained  Collection  No.  860),  length 
40  mm,  furnishes  the  data  for  the  remarks  on  the  skeletal  system. 

Measurements  and  Counts:  Total  length  42.2  mm;  standard 
length  37  mm;  depth  6.6  (in  length  5.6);  head  9.3  (in  length  4); 
eye  3.8  (in  head  2.4);  snout  1.6  (in  head  5.8);  interocular  4 (in  head 
2.3);  interorbital  2.4  (in  head  3.9);  distance  from  snout  to  anal 
origin  29,  the  first  finray  3.1  times  nearer  caudal  base  than  tip  of 
snout;  anal  base  6.3  (in  length  5.9);  pectoral  rays  10;  pectoral  length 
2;  pelvic  rays  9,  origin  under  8th  dorsal  ray;  length  longest  pelvic 
ray  2.3;  dorsal  rays  10;  anal  rays  19;  adipose  length  1.7  (in  anal  base 
3.7);  scales  in  a longitudinal  series,  about  39;  gill-rakers  in  lower 
half  of  1st  branchial  arch. 

External  Characters:  The  general  color,  contour  and  proportions 
closely  resemble  those  of  the  adult  except  that  the  body  is  slightly 
slimmer  and  the  head  longer.  There  are  altogether  6 pairs  of  vom- 
erine and  palatine  teeth. 

The  general  arrangement  of  the  scales  also  follows  closely  that 
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of  the  adult  in  so  far  as  it  can  be  determined  from  the  scale  pouches. 
Two  or  three  lateral  line  scales  remain  on  each  side.  Fig.  28B 
represents  one  taken  from  the  left  side  at  the  vertical  from  the 
first  anal  rays,  the  23rd  from  the  opercle.  It  is  an  almost  circular 
oval,  longer  than  deep,  with  the  anterior  border  interrupted  by  two 
deep  scallops,  and  the  posterior  by  a key-hole-shaped  indentation. 
Over  half  of  the  scale  is  exposed,  and  the  apical  region  is  decidedly 
convex,  not  noticeably  thinner  or  more  delicate  than  the  rest  of 
the  scale.  In  general  character  it  is  cycloid  and  marked  only  by 
circuli,  there  being  no  trace  either  of  annuli,  radii  or  a definite 
center.  There  are  about  25  circuli  between  the  central  canal  and 
the  dorsal  border,  running  from  the  basal  portion  of  the  scale  straight 
to  the  apical  margin  where  they  terminate  abruptly.  An  equal 
number  is  found  ventrally,  but  from  the  entrance  to  the  pore  duct 
in  the  basal  portion  to  the  middle  of  the  anterior  border  there  are 
but  eight,  spaced  over  twice  as  broadly  as  the  more  posterior  ones 
just  mentioned.  The  course  of  the  lateral  line  through  the  scale 
is  simple  and  unbranched:  One  basal  pore  opens  on  the  outer  face 
of  the  scale,  forming  the  entrance  to  a raised  duct;  this  terminates 
in  a central  pore  opening  on  the  inner  face  of  the  scale  and  in  contact 
with  that  portion  of  the  succeeding  scale  which  is  immediately  in 
advance  of  its  outer,  basal  pore;  finally,  there  is  an  apical  pore, 
opening  on  both  outer  and  inner  faces  of  the  scale,  its  posterior  margin 
confluent  through  a narrow  canal  with  a central  indentation  in  the 
posterior  margin  of  the  scale;  this  forms  the  key-hole-shaped  inter- 
ruption of  the  border  mentioned  above;  the  duct  is  lined  with  skin. 
Length  of  scale  1.4  mm;  breadth  1.3  mm. 

Osteology:  The  jaws  and  margins  of  the  quadrate  are  strongly 
ossified,  the  parasphenoid  and  edges  of  the  opercular  bones  to  a 
lesser  degree.  The  remaining  bones  of  the  head  show  no  trace  of 
it.  The  extreme  anterior  end  of  the  vertebral  column  is  slightly 
ossified,  while  the  proximal  portions  of  the  pectoral  rays,  the  proxi- 
mal part  of  the  lower  terminal  caudal  rays,  and  the  end  of  the  in- 
terior portion  of  the  urostyle  are  very  feebly  ossified.  Exteriorly, 
the  unossified  tip  of  the  urostyle  still  projects  slightly. 

Adult:  (Fig.  27B).  But  one  mature  specimen  was  taken,  and 
it  (a  male)  is  not  in  breeding  condition.  Its  description  follows. 

Trawling  Data:  Department  of  Tropical  Research  No.  19,529; 
Bermuda  Oceanographic  Expeditions  of  the  New  York  Zoological 
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Society;  Net  962;  September  29,  1930;  8 miles  south  of  Nonsuch 
Island,  Bermuda;  800  fathoms;  Standard  length  91  mm. 

Measurements  and  Counts:  Standard  length  91  mm;  depth  16 
(in  length  5.7);  head  23  (in  length  3.9);  eye  11.8  (in  head  2);  snout 
3.8  (in  head  6) ; maxillary  4.8  (in  head  4. 8) ; interorbital  width  3.6  (in 
head  6.4) ; interocular  width  7.2  (in  head  3.2) ; snout  to  anal  origin  67, 
the  insertion  of  the  first  finray  2.9  times  nearer  the  caudal  base  than 
the  tip  of  the  snout;  anal  base  16  (in  length  5.7) ; pectoral  rays  19;  pec- 
toral length  (broken)  4.5;  pelvic  rays  9,  originating  under  7th  dorsal 
ray;  length  of  longest  pelvic  ray  (broken)  5.2;  dorsal  rays  10;  anal  rays 
18;  adipose  length  1.6  (in  anal  base  10);  scales  in  longitudinal  series 
about  40;  gill-rakers  in  lower  half  of  1st  branchial  arch  13. 

External  Characters:  The  skin  of  the  whole  body  is  deeply 
pigmented  with  brownish  black,  darkest  on  the  margins  of  the  scale 
pouches,  in  the  interorbital  region,  lower  part  of  the  head,  the 
opercles  and  the  abdomen,  in  the  order  named. 

The  body  is  compressed,  elongate  and  deepest  in  front  of  the 
dorsal  fin.  From  here  it  tapers  to  the  caudal  base,  which  is  less 
than  one-third  the  maximum  depth.  All  of  the  fin  bases  are  some- 
what elevated.  The  head  is  rounded  in  general  contour,  the  crown 
slightly  elevated  above  the  level  of  the  nape,  the  snout  very  short 
and  blunt,  the  full  upper  lips  overhanging  the  lower,  and  the  united 
gill  membranes,  visible  ventrally  below  the  tiny  mouth,  curving 
backward  to  the  small  gill  opening.  The  enormous,  round  eyes 
are  elevated  nearly  a fifth  of  their  diameter  above  the  dorsal  profile 
of  the  interorbital  region.  They  are  larger  than  the  postorbital 
portion  of  the  head  and,  when  viewed  from  above,  converge  an- 
teriorly. The  socket  in  which  the  lens  is  set  is  slightly  elliptical, 
with  a shallow,  anterior  scallop,  less  marked  than  in  the  adolescent. 
The  nostrils  are  widely  separated  by  the  broad,  flattened,  upper 
surface  of  the  snout,  and  are  placed  nearer  the  anterior  margin  of 
the  eye  than  the  snout’s  tip.  The  delicate,  paper  thin  maxillary 
extends  a little  beyond  the  vertical  from  the  anterior  margin  of  the 
eye. 

The  premaxillary  and  maxillary  are  entirely  toothless.  In 
each  half  of  the  mandible  37  very  small  teeth  are  found,  all  equal  in 
size  and  slanting  obliquely  backwards,  closely  resembling  the  teeth 
of  a saw.  These  articulate  with  9 pairs  of  slightly  larger  teeth 
divided  between  the  vomer  and  palatine,  all  triangular  and  erect,  and 
largest  near  the  premaxillary  symphysis. 
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The  gill  openings  are  very  small,  the  dorsal  border  not  reaching 
the  horizontal  from  the  ventral  border  of  the  eye. 

A number  of  pores  are  found  around  the  eye  and  along  the 
mandible. 

All  of  the  scales  except  one  (Fig.  28A)  are  missing,  but  judging 
from  the  scars,  those  in  the  anterior  part  of  the  body  and  on  the 
opercula  were  fully  three  times  the  size  of  those  at  the  caudal  base. 


Fig.  28.  Bathylagus  benedicti  Goode  and  Bean.  Scales.  A,  from  91  mm.  specimen, 
21st  scale  in  2nd  row  below  lateral  line,  above  anal  origin  ( X 12.5) ; B,  from  37  mm.  specimen, 
23rd  scale  in  lateral  line,  above  anal  origin  ( X 39) . 

There  were  about  40  in  a longitudinal  series  and  five  rows,  exclusive 
of  profile  and  fin-base  rows. 

Scaled  Areas : The  fish  is  entirely  scaled  posterior  to  the  vertical 
from  the  posterior  border  of  the  lens  of  the  eye. 

Attachments:  The  scales  are  imbricated;  each  one  is  very  loosely 
attached  within  a comparatively  shallow,  black-lipped  pouch, 
leaving  about  one-half  of  the  scale  exposed.  Only  one  scale  was 
left  on  this  specimen. 

Number:  The  number  of  scales  on  the  head  is  indeterminate. 
On  the  left  side  there  are  about  212.  Taking  into  account  the  47 
scales  of  the  dorsal  and  ventral  profiles,  a total  of  518  on  the  entire 
body  may  be  regarded  as  a close  approximation  of  the  true  number. 
As  the  scales  themselves  are  missing,  the  count  has  to  be  made  from 
the  scale  pouches. 

Arrangement:  Excluding  the  scale  rows  of  the  dorsal  and  ventral 
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profiles,  and  those  of  the  dorsal  and  anal  fin  bases,  there  are  five 
longitudinal  rows  of  scales,  continuous  from  nape  to  caudal  base. 
The  numbers  of  scales  in  these  rows,  as  seen  from  the  left  side  is  as 
follows: 


Dorsal  profile — Nape  to  dorsal  origin 7 

Dorsal  profile — -End  of  dorsal  to  adipose.  . 16 

Dorsal  profile — Adipose  to  caudal  base 3 

1st  row — Along  base  of  dorsal  fin 5 

2nd  row — Nape  to  caudal  base 39 

3rd  row — Nape  to  caudal  base 39 

4th  row — Nape  to  caudal  base  (lateral  line) 40 

5th  row — Opercle  to  caudal  base.  40 

6th  row — Opercle  to  caudal  base 37 

7th  row — Along  base  of  anal  fin 12 

Ventral  profile — Isthmus  to  pelvic  origin 9 

Ventral  profile — Pelvic  to  anal  origin 10 

Ventral  profile — Anal  origin  to  caudal  base 2 

Total  Number  of  Scales  on  Body: 

Paired — (212  x 2) 424 

Unpaired — (47  x 2) 94 


Total 518 


Description  of  individual  scale:  The  scale  illustrated  (fig.  28A) 
is  the  21st  scale  in  the  second  row  below  the  lateral  line  (the  sixth 
row  below  the  dorsal  profile)  from  the  left  side  of  the  body  immedi- 
ately above  the  origin  of  the  anal  fin.  It  is  oval,  fairly  symmetrical, 
with  5 unequal  scallops  in  the  anterior  margin.  The  posterior 
margin  is  very  thin  and  fragile.  The  center  is  simple,  in  about  the 
middle  of  the  scale,  with  the  circuli  starting  at  once.  There  are  35 
of  them  dorsally  and  ventrally,  almost  as  many  anteriorly,  but  only 
about  a dozen  posteriorly.  The  dorsal  and  ventral  halves  of  these 
apical  circuli  meet  at  sharp  angles  in  the  ventral  half  of  the  apical 
region.  Three  radii  anteriorly  connect  the  deepest  scallops  with 
the  central  region,  and  three  others  extend  from  near  the  center  to 
the  posterior  border.  There  is  no  trace  of  annuli.  Length  of  scale 
4 mm;  breadth  of  scale  3.2  mm. 

The  paired  fins  are  broken  off  short,  as  are  those  of  the  caudal, 
but  the  rays  are  stout  and  strong,  as  if  they  were  well  ossified,  and 
all  double.  This  applies  to  a lesser  degree  in  the  dorsal  and 
anal,  which  also  appear  to  be  broken.  The  dorsal,  of  course,  origin- 
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ates  in  the  anterior  half  of  the  fish.  The  small  adipose  is  placed 
above  the  posterior  rays  of  the  anal  fin. 

Reproductive  System:  The  specimen  seems  unquestionably  to  be 
a male.  The  gonads,  which  are  not  in  breeding  condition,  are  slender 
and  extend  the  length  of  the  trunk  against  the  dorsal  wall  of  the 
coelomic  cavity. 

Summary  of  Development:  The  characteristics  of  the  several 
growth  stages,  based  upon  an  examination  of  all  of  the  specimens  in 
the  collection,  are  as  follows: 

Transition  between  Post-larval  and  Adolescent  Stages:  8 specimens, 
from  18  to  22  mm.  Body  slender  (6.7  to  8 in  length,  not  5.3 
to  6.3  as  in  adolescent  and  adult);  head  large  (2.7  to  3.25  in 
length,  not  3.3  to  4.5,  as  in  adolescent  and  adult) ; eye  shorter 
than  or  barely  equal  to  post-orbital  region;  vomerine  teeth  1 to 
2 pairs;  palatine  teeth  lacking;  top  of  head  transparent;  upper 
margin  of  gill  slit  opposite  middle  of  eye;  scales  well  developed  but 
with  only  one-fourth  as  many  circuli  as  in  adult;  urostyle  tip 
prominent  externally;  adipose  fin  long,  contained  1 to  2 times  in 
anal  base;  traces  of  predorsal  and  preanal  finfolds;  extreme  tip 
of  gut  projecting;  no  ossification. 

Adolescent:  11  specimens,  from  24  to  51  mm.  Body  approaching 
adult  form  (depth  5.3  to  6.3  in  length);  head  approaching 
adult  size  (length  3.3  to  4.5  in  length  of  fish);  eye  as  in  adult, 
longer  than  post-orbital  region;  vomer  and  palatine  teeth  to- 
gether, 5 or  6 pairs,  in  continuous  series;  top  of  head  translucent; 
upper  margin  of  gill  slit  opposite  middle  of  eye;  scales  with 
two-thirds  or  more  as  many  circuli  as  in  adult  specimen;  uro- 
style tip  barely  visible  externally;  adipose  fin  moderate,  con- 
tained 3 to  6 times  in  anal  base;  no  traces  of  predorsal  or 
preanal  finfold;  no  protruding  gut;  skeleton  partially  ossified; 
gonads  undeveloped. 

Adult:  1 specimen,  91  mm.  Depth  5.7  in  length;  head  3.9  in  length; 
vomer  and  palatine  teeth  together,  9 pairs,  in  a continuous 
series;  top  of  head  opaque;  upper  margin  of  gill  slit  opposite 
lower  margin  of  eye;  urostyle  tip  invisible;  adipose  fin  short, 
contained  about  10  times  in  anal  base;  (skeleton  presumably 
entirely  ossified);  gonads  well  developed. 
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Ecology 

Vertical  and  Seasonal  Distribution:  Fig.  29  shows  the 
vertical,  monthly  and  yearly  distribution  of  the  specimens  of 


Fig.  29.  Bathylagus  benedicti  Goode  and  Bean.  The  vertical,  monthly  and  yearly 
distribution  of  the  specimens  taken  by  the  Bermuda  Oceanographic  Expeditions. 


Bathylagus  benedicti  taken  off  Bermuda.  The  vertical  range  lay 
between  400  and  1000  fathoms,  with  a mean  depth  of  660  fathoms. 
The  species,  which  was  found  during  every  month  of  the  trawling 
season  (April  to  September),  was  most  abundant  during  the  alter- 
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nate  months  of  May,  July  and  September.  (See  Figs.  30  and  31). 
Never  before  has  the  species  been  taken  as  high  as  400  fathoms  in  a 
horizontal  trawl.  (See  general  distribution  chart,  Fig.  26). 

The  table  below  correlates  the  data  of  the  graphs  just  mentioned 
with  length  and  growth  stage  (discussed  under  Development), 
and  gives  in  addition  average  depths  and  lengths: 

Relation  of  Month,  Number  of  Specimens,  Depth,  Length 
and  Growth  Stage 


Month 

Number 

Depth  in  Fath.: 
Extremes  Average 

Length  in  mm: 
Extremes  Averages 

Growth  Stages 

April 

3 

500-800; 

633 

18  to  22; 

19.3 

Transition 

May 

5 

500-900; 

780 

18  to  25; 

21 

Transition,  Adoles- 

June 

1 

500 

500 

27 

27 

cent 

Adolescent 

July 

5 

500-1000; 

660 

31  to  51; 

38.2 

Adolescent 

August 

1 

700 

700 

37 

37 

Adolescent 

Sept. 

5 

400-800; 

620 

18  to  91; 

40.6 

Transition,  Adoles- 

Total 

20 

400-1000; 

660 

18  to  91; 

30.7 

cent,  Adult 
Transition,  Adoles- 

cent,  Adult 

Although  there  is  no  evident  relation  between  depth  and  season, 
the  correlation  of  season  and  length  is  most  pronounced:  All  of  the 
youngest  specimens  (Post-larval  transition  stage)  except  one  were 
taken  in  the  spring,  while  the  larger  adolescents  and  the  single  adult 
were  confined  entirely  to  the  summer  and  fall  (Fig.  32). 

Sociability:  Bathylagus  benedicti  shows  little  evidence  of 
schooling,  having  been  taken  singly  except  in  two  nets.  In  each  of 
these  two  specimens  were  found,  consisting  of  a transition  stage 
and  an  adolescent,  and  of  two  adolescents,  respectively. 

Abundance:  Both  in  comparison  with  Bathylagus  glacialis 
and  with  other  deep  sea  fish  Bathylagus  benedicti  is  rare.  It  is  rep- 
resented in  1.8  percent  of  all  of  the  nets  drawn  between  400  and 
1000  fathoms,  the  limits  of  its  vertical  distribution. 

Food:  The  stomach  contents  of  the  seven  specimens  examined 
consisted  entirely  of  small  crustaceans,  distributed  as  follows : 


Length  of  Specimen 
18  mm 
20  mm 
31  mm 


Contents  of  Stomach 
None 
None 
None 


Depth 
400  Fath. 
600  Fath. 
500  Fath. 
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relation  of  seasonal  distribution  to 
average  length,  based  upon  the 
total  number  of  specimens  taken 
by  the  Bermuda  Oceanographic  Ex- 
peditions. 


Fig.  30.  Bathylagus  benedicti  Goode  and 
Bean.  The  vertical  distribution  of  the  speci- 
mens taken  by  the  Bermuda  Oceanographic  Ex- 
peditions. The  broken  line  is  based  on  the  num- 
ber of  specimens  which  would  theoretically  have 
been  taken  at  400  fathoms  if  as  many  nets  had 
been  drawn  at  that  depth  as  at  the  others.1 

1 See  Introduction,  p.  8. 


Fig.  31.  (Above).  Bathylagus 
benedicti  Goode  and  Bean.  The 
seasonal  distribution  of  the  speci- 
mens taken  by  the  Bermuda  Oceano- 
graphic Expeditions.  The  solid  line 
is  based  upon  the  actual  number  of 
specimens  taken,  the  broken  line 
upon  the  number  which  would  theo- 
retically have  been  caught  if  as  many 
nets  had  been  drawn  every  month 
as  during  September.1 

1 See  Introduction,  p.  7. 
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Length  of  Specimen 

Contents  of  Stomach 

Depth 

35  mm 

1 Copepod  (length  4.3  mm) 

500  Fath. 

37  mm 

None 

700  Fath. 

40  mm 

7 Copepods  (up  to  6 mm) 

2 young  Schizopods 
1 young  Squilla 
1 young  Malacostracan  (?) 

1000  Fath, 

91  mm 

3 or  more  minute  Copepods 
1 Isopod 

800  F <th. 

Unrecognizable  material  was  present  in  the  intestines  of  all  of  the 
specimens. 

Study  Material 

The  following  list  gives  the  catalogue  number,  depth  in  fathoms, 
date,  length  and  growth  stage  of  each  specimen  of  Bathylagus 
benedicti  taken  by  the  Bermuda  Oceanographic  Expeditions.  All 
were  caught  in  the  cylinder  of  water  off  the  Bermuda  coast  described 
on  p.  5.  “ ‘Transition”  indicates  specimens  intermediate  between 

post-larvae  and  adolescents. 


No. 

9,590 

Net 

33; 

No. 

9,653 

Net 

41; 

No. 

9,721 

Net 

45; 

No. 

10,114 

Net 

116; 

No. 

10,105 

Net 

117; 

No. 

11,414 

Net 

277; 

No. 

11,512 

Net 

285; 

No. 

11,796 

Net 

322; 

No. 

12,418 

Net 

380; 

No. 

13,071 

Net 

419; 

No. 

15,416 

Net 

6^5; 

No. 

15,518a;  Net 

647; 

No. 

19,116a;  Net 

923; 

No. 

19,364 

Net 

945; 

No. 

19,529 

Net 

962; 

No. 

20,810 

Net 

1015; 

No. 

21,470 

Net 

1095; 

No. 

23,627 

Net 

1324; 

600  F.;  April  24,  1929; 
800  F.;  April  25,  1929; 
500  F.;  April  29,  1929; 
900  F.;  May  18,  1929; 
900  F.;  May  18,  1929; 

1000  F.;  July  9,  1929; 
500  F.;  July  11,  1929; 
700  F.;  July  24,  1929; 
700  F.;  Aug.  16,  1929; 
800  F.;  Sept.  4,  1929; 
500  F.;  May  23,  1930; 
700  F.;  May  29,  1930; 
600  F.;  Sept.  20,  1930; 
500  F.;  Sept.  25,  1930; 
800  F.;  Sept.  29,  1930; 
500  F.;  June  15,  1931; 
600  F.;  July  24,  1931; 
400  F.;  Sept.  18,  1931; 


22  mm;  Transition. 

18  mm;  Transition. 

18  mm;  Transition. 

24  mm;  Adolescent. 

18,  25  mm;  Transition  and 
Adolescent. 
40  mm;  Adolescent. 

31,  35  mm;  Adolescent. 


34  mm 
37  mm 
37  mm 
18  mm 
20  mm 
20  mm 
37  mm 
91  mm 
27  mm 
51  mm 
18  mm 


Adolescent. 

Adolescent. 

Adolescent. 

Transition. 

Transition. 

Transition. 

Adolescent. 

Adult. 

Adolescent. 

Adolescent. 

Transition. 


Nos.  11,414  (KOH  No.  860)  and  15,416  (KOH  No.  1064)  have 
been  cleared  and  stained  in  order  to  study  the  skeleton. 

The  following  paintings  and  drawings  are  filed:  Colored  plate 
B752;  outline  drawings  B876,  B877,  and  B878. 
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Synonymy  and  References 

Bathylagus  benedicti: 

Goode  and  Bean  1895,  p.  55,  fig.  64  (3  specimens;  112.5  to  144 

mm;  1022  to  1769  fath.;  off  the  coasts  of  New  Jersey  and 
Connecticut.  Type  specimens). 

Jordan  and  Evermann  1896,  p.  529.  (Resume  of  type  description). 

Norman  1930,  p.  277.  (4  specimens;  115  to  135  mm;  1025  to 

2000  m[-  01m.;  about  1100  to  1400  miles  off  the  coast  of  Argen- 
tina). 

Roule  and  Angel  1933,  p.  31.  (1  specimen;  108  mm;  0 to  2000 

m.;  between  New  Scotland  and  Bermuda). 

?Bathylagus  elongatus: 

Roule  1916,  p.  8.  (1  specimen;  158  mm;  1500  to  3500  m.;  off 

Cape  Finisterre,  Spain). 

Roule  1919,  p.  22,  pi.  I,  fig.  2.  (Elaboration  of  the  type  descrip- 
tion). 


Bathylagus  glacialis  Regan  1933 

Specimens  taken  by  the  Bermuda 
Oceanographic  Expeditions 

99  specimens;  May  to  September,  1929  to  1931;  500  to  1000 
fathoms;  from  a cylinder  of  water  8 miles  in  diameter  (5  to  13  miles 
south  of  Nonsuch  Island,  Bermuda),  the  center  of  which  is  at  32°  12' 
N.  Lat.,  64°  36'  W.  Long.;  Standard  lengths  from  23  to  94  mm. 

Specimens  Previously  Recorded 

12  to  14  specimens;  100  to  1400  fathoms;  North  and  South 
Atlantic  and  Antarctic  Oceans;  Standard  lengths  from  24  to  135  mm 
(Fig.  33). 

Adult  Specific  Characters 
(Fig.  34D) 

Bathylagus  glacialis  is  the  only  member  of  the  family  in  which 
luminous  tissue  has  been  found.  It  is  more  slender  than  any  of  the 
other  species  in  the  genus  except  B.  gracilis , B.  microcephalus  and 
B.  euryops.  From  the  first  it  is  distinguished  by  its  greater  depth 
(6  to  6.3  in  length,  not  7 to  7.3),  from  the  second  by  the  longer  head 
(4.1  to  4.6  in  length,  not  5.2  to  5.3)  and  from  the  last  by  the  longer 
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Fig.  33.  Bathylagus  glacialis  Regan.  The  approximate  geographical  and  vertical  distribution  of  all  recorded  specimens. 
The  relative  number  of  specimens  taken  at  different  depths  by  the  Bermuda  Oceanographic-  Expeditions  is  shown  diagrammati- 
cally  at  the  right,  for  comparison  with  the  previously  known  vertical  range  of  this  species. 
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anal  base  (not  more  than  6 in  length,  instead  of  6.2  to  6.7).  Color: 
Ground  color  cinnamon  buff,  with  black  chromatophores  scattered 
on  head  and  body  beneath  the  outer  epidermis.  Lips,  iris,  opercles, 
coelom  (showing  through  abdominal  skin)  and  margins  of  scale 
pouches,  black.  The  iris  and  opercles  are  frosted  with  silver  in  the 
fresh  specimen,  and  the  cheeks,  isthmus,  finbases  and  outer  skin  of 
the  entire  abdomen  are  white  with  a decided  silvery  sheen.  In 
short,  the  general  coloration  closely  resembles  that  of  a typically 
pelagic  fish,  instead  of  a species  entirely  bathypelagic.  Luminous 
material  is  present  on  the  scales  of  the  posterior  part  of  the  body, 
on  the  webs  of  the  anal  fin,  and,  sometimes,  on  those  of  the  caudal. 
Proportions:  Depth  in  length  6 to  6.3;  head  in  length  4.1  to  4.6;  eye 
in  head  2.1  to  2.4;  interocular  in  head  2.7  to  3;  interorbital  in  head 
about  6;  snout  in  head  5.3  to  5.5;  origin  of  anal  equidistant  from  base 
of  caudal  and  insertion  of  pelvic  or  a little  nearer  the  latter,  2.75  to 
3.2  times  as  distant  from  tip  of  snout  as  from  base  of  caudal;  length 
of  anal  base  about  6 in  length  of  fish.  F inray  Counts:  Pectoral  10; 
pelvic  8 to  9p2,  inserted  below  middle  or  posterior  part  of  dorsal; 
dorsal  10;  anal  18  to  21.  Teeth:  All  uniserial;  minute  or  absent  on 
premaxillary  and  maxillary;  larger  on  mandible,  articulating  with  a 
series  of  about  12  similar  pairs  which  form  a continous  semicircle  on 
vomer  and  palatines.  Scales:  About  36  to  40  in  a longitudinal  row. 
Gill-rakers:  13  or  14  in  the  lower  half  of  the  1st  branchial  arch. 

Development 

The  Bermuda  specimens  of  Bathylagus  glacialis  form  a well 
graduated  series  consisting  of  post-larvae,  adolescents,  and  several 
adults  which  are  approaching  full  breeding  condition.  As  will  be 
seen  below,  there  is  some  shrinkage  during  metamorphosis,  the  ado- 
lescent stage  showing  almost  no  increase  in  length.  The  three 
stages,  though  having  distinct  characteristics,  are  all  perfectly  linked 
through  transition  forms.  The  relation  of  these  growth  stages  to 
standard  length  and  numerical  abundance  is ^ shown  in  the  table 
on  p.  117. 

Egg:  Well  developed,  round,  white,  opaque  eggs  were  found 
in  the  ovaries  of  three  specimens.  In  the  largest  (94  mm)  they 
measured  only  .06  mm  in  diameter  and  reached  an  estimated  number 
of  5200  in  both  ovaries.  Small  or  undeveloped  eggs  were  absent. 

Larva:  No  examples  of  this  stage  were  taken. 
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The  Relation  of  Growth  Stage  to  Length  and  Numerical 
Abundance  in  Bathylagus  Glacialis 
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Post-Larva:  (Figs.  34A  and  34B).  Counting,  as  usual,  the 
transition  forms  between  post-larvae  and  adolescents  as  post-larvae, 
the  Bermuda  collection  numbers  29  specimens  of  this  growth  stage 
measuring  from  23  to  30  mm.  It  is  briefly  characterized  by  the  pres- 
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ence  of  small,  stalked  eyes,  partially  developed  paired  fins  and  a 
greatly  elongated  adipose — the  remnant  of  a dorsal  finfold.  A 
typical  example  is  described  below. 

Trawling  Data:  All  of  the  observations  except  those  on  the 


Fig.  34.  Bathylagus  glacialis  Regan.  A,  post-larva,  23.5  mm.;  B,  same,  dorsal  view  of 
head;  C,  adolescent,  30  mm.;  D,  adult,  94  mm. 

skeletal  system  were  made  from  the  following  specimen:  Department 
of  Tropical  Research  No.  22,546;  Bermuda  Oceanographic  Expedi- 
tions of  the  New  York  Zoological  Society;  Net  1193;  Aug.  17,  1931; 
7 miles  south-east  of  Nonsuch  Island,  Bermuda;  500  fathoms; 
Standard  length  23.5  mm. 
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* 

Measurements  and  Counts:  Total  length  28.2  mm;  standard 
length  23.5  mm;  depth  2.1  (in  length  11.2);  head  5.7  (in  length  4.1); 
eye  1 (in  head  5.7);  distance  from  center  of  pupil  to  dorsal  rim  of 
orbit  1.3;  interorbital  1.1  (in  head  5.2);  snout  to  anal  origin  19.9, 
the  first  finray  5.3  times  nearer  caudal  base  than  tip  of  snout;  anal 
base  1.6  (in  length  14.7);  dorsal  rays  10;  anal  rays  ca.  15. 

External  Characters : Pigment  is  practically  lacking  on  the 
head,  much  of  which  is  perfectly  transparent,  except  for  a smudge  of 
black  beneath  the  eye  and  another  on  the  opercle.  On  the  white 
body  it  is  confined  to  two  characteristic  series — one  above  and  one 
below  the  lateral  line — of  about  53  black  blotches  each,  one  pair  to 
each  myomere,  the  ventral  one  the  darker.  To  each  side  of  the 
ventral  midline  is  a row  of  very  black  pigment  spots  extending  from 
the  pectoral  base  to  the  anal  origin. 

The  dorsal  and  ventral  profiles  of  the  elongate,  moderately 
compressed  body  are  almost  parallel  from  shoulder  to  caudal  base, 
tapering  but  slightly  in  the  region  of  the  peduncle  only.  The  bases 
of  the  fins  are  not  elevated.  The  tip  of  the  gut  projects  very  slightly 
beyond  the  abdominal  wall. 

The  head,  viewed  laterally,  resembles  a slight,  almost  symmetri- 
cal swelling  on  the  end  of  the  body;  the  snout  is  flattened  and  nearly 
horizontal,  while  the  angle  of  the  jaw,  close  beneath  the  orbital 
socket,  scarcely  projects  at  all.  The  small  eyes  are  elevated  on 
short,  translucent  stalks,  similar  to  those  found  in  a very  young 
Stylophthalmus.  The  eyes  themselves  lack  the  outer,  translucent 
capsule  of  the  older  fish,  but  the  sockets  which  hold  the  stalks  are 
relatively  as  much  larger  than  the  present  diameter  of  the  eye  as  is 
that  of  the  adult  fish.  The  nostril  is  small,  far  separated  from  its 
mate  on  the  other  side  of  the  snout,  closer  to  the  orbit  than  to  the  tip 
of  the  snout.  The  maxillary  reaches  beyond  the  vertical  from  the 
anterior  margin  of  the  orbit. 

The  premaxillary,  maxillary  and  palatine  are  toothless.  In  the 
mandible  are  11  pairs  of  minute,  close-set  teeth  in  the  anterior  por- 
tion, followed  by  9 pairs  of  larger  ones,  recurved,  with  small,  even 
spaces  between.  The  vomer  holds  three  pairs  of  well  developed 
fangs,  curved,  the  outer  two  pairs  the  longest,  all  articulating  with 
the  anterior  teeth  of  the  mandible. 

The  gill  membranes  are  perfectly  united  as  in  the  older  fish, 
and  the  gill  openings  characteristically  small. 
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There  are  no  scales  whatever. 

The  pectoral  consists  of  a fleshy  basal  pad  with  a fringe  of  short 
raylets,  the  true  rays  being  as  yet  unformed.  The  pelvic  reaches 
less  than  one-eighth  of  the  distance  between  its  insertion,  under  the 
middle  of  the  dorsal,  and  the  origin  of  the  anal  fin,  and  its  rays  are 
almost  entirely  undifferentiated.  All  of  the  rays  of  the  dorsal  are 
distinct,  but  the  anal  is  shorter  by  three  or  four  rays  than  in  adult 
fishes.  The  caudal  rays  are  well  formed,  with  the  tip  of  the  urostyle 
protruding  between  the  last  rays  of  the  dorsal  caudal  raylets  and  the 
first  true,  terminal  rays.  The  dorsal  adipose  finfold  is  exceedingly 
long,  nearly  twice  the  length  of  the  anal  fin  and  extending  from  the 
vertical  from  the  end  of  the  anal  almost  half  of  the  distance  to  the 
end  of  the  dorsal.  In  depth  it  is  relatively  greater  than  the  small 
adipose  of  the  adult  fish.  The  remains  of  a shallower  finfold  extend 
between  the  pelvic  and  anal  origins. 

There  is  no  trace  of  luminous  tissue. 

Osteology:  In  an  advanced  post-larva  (length  28  mm),  the 
vomerine  teeth,  the  jaws,  angle  of  the  quadrate,  parasphenoid,  and 
the  margins  of  the  opercles  are  quite  strongly  ossified,  while  the 
mandibular  teeth,  the  urostyle  and  the  proximal  portions  of  the 
caudal  rays  show  a moderate  degree  of  ossification.  None  of  the 
other  bones  show  the  least  trace  of  it. 

Digestive  System:  The  alimentary  canal  is  a simple,  white  tube 
extending  from  throat  to  anus  close  to  the  ventral  profile.  It  is 
perfectly  straight  except  for  a short,  z-shaped  fold,  the  rudiments 
of  the  stomach,  about  2 mm  behind  the  plane  of  the  pectoral  fin. 

Adolescent:  (Fig.  34C).  The  typically  adolescent  Bathylagus 
glacialis  is  characterized  by  having  the  eye  unstalked,  but  still  only 
one-half  to  three-quarters  as  large  as  in  the  adult,  while  the  other 
proportions,  development  of  scales  and  skeletal  system  are  similarly 
immature.  The  most  advanced  specimens  differ  from  the  adult 
only  in  the  immature  condition  of  the  gonads  and  the  lack  of  ossifica- 
tion in  a very  few  bones.  Altogether,  sixty-three  examples  of  this 
stage  were  taken,  measuring  from  25  mm  to  50  mm.  Examples  are 
described  below. 

Trawling  Data:  All  characters  except  those  of  the  skeletal 
system  were  described  from  the  following  specimen:  Department  of 
Tropical  Research  No.  16,948;  Bermuda  Oceanographic  Expeditions 
of  the  New  York  Zoological  Society;  Net  761;  July  2,  1930;  12  miles 
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south  of  Nonsuch  Island,  Bermuda;  900  fathoms;  Standard  length 

30  mm. 

The  observations  on  the  skeleton  were  made  upon  Nos.  15,149 
(Cleared  and  Stained  Collection  No.  861),  Standard  length  54  mm; 
15,518  (Cleared  and  Stained  Collection  No.  1063),  standard  length 

31  mm;  16,507,  (Cleared  and  Stained  Collection  No.  1151),  standard 
length  31  mm. 

Measurements  and  Counts:  Total  length  34.4  mm;  standard 
length  30  mm;  depth  4 (in  length  7.5);  head  7.8  (in  length  3.9);  eye 
2 (in  head  3.9);  snout  1.7  (in  head  4.6);  maxillary  1.3  (in  head  6); 
snout  to  anal  origin  22,  the  first  finray  2.8  times  nearer  the  base  of 
caudal  than  tip  of  snout;  anal  base  4.4  (in  length  6.8);  pectoral  rays 
10;  pectoral  length  1.9;  pelvic  rays  9}^;  pelvic  length  2;  dorsal  rays 
10;  anal  rays  19;  caudal  rays  XII  + 10  + 10  + XI;  gill  rakers  14. 

External  Characters:  General  color  pale  brown.  Lips  brownish 
black.  Between  lips  and  eye  is  a pale,  translucent  area  nearly 
filled  by  the  whitish  narial  tissue.  Up  the  middle  of  the  snout  runs 
a narrow  line  of  fine  chromatophores,  broadening  in  the  interorbital 
region  and  ceasing  abruptly  above  the  middle  of  the  eye.  Behind 
this  another  translucent,  whitish  area  reveals  part  of  the  brain. 
The  isthmus  is  also  translucent.  The  gill  covers  are  heavily  pig- 
mented with  fine,  black  pigment,  much  more  deeply  than  the  re- 
mainder of  the  fish,  which  is  covered  by  large,  interlacing,  dendritic 
chromatophores  which  give  a general  effect  of  light  brown.  Above 
the  lateral  line  there  is  a conspicuous  row  of  larger  spots  and  below 
it  another,  similar  series.  The  proximal  portions  of  the  rays  of  the 
dorsal  and  pelvic  fins  are  lightly  pigmented;  all  of  the  other  fins 
colorless,  except  for  a zone  of  luminous  tissue,  white  and  frothy  in 
appearance,  which  occupies  the  webs  of  the  anal  and  lower  caudal 
rays  half-way  to  their  tips. 

The  moderately  elongate  and  compressed  body  tapers  regularly 
from  the  shoulders  to  the  base  of  the  caudal,  which  is  about  half  the 
maximum  depth.  The  bases  of  the  fins  are  scarcely  elevated. 

The  crown  of  the  head  is  almost  level  with  the  nape.  The 
curve  to  the  tip  of  the  convex  snout  and  equal  lips  is  gradual, 
similar  to  that  found  between  symphysis  and  preopercles. 

The  eyes  show  no  trace  of  stalks  externally,  being  firmly  in- 
serted in  their  orbits  and  fully  sheathed  by  the  transparent  outer 
skin  of  the  eye-ball.  The  diameter  of  the  latter,  just  equal  to  that 
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of  the  orbit,  is  still  considerably  greater  than  that  of  the  iris.  The 
nostrils  are  enormous,  almost  filling  the  space  between  the  orbit  and 
the  tip  of  the  snout.  The  maxillary  does  not  quite  reach  the  vertical 
from  the  anterior  margin  of  the  orbit. 

In  the  exceedingly  thin  premaxillary  are  very  minute  serrations, 
but  no  true  teeth,  while  the  maxillary  lacks  even  the  serrations. 
The  mandible  holds  about  12  pairs  of  fine  teeth.  On  the  vomer  are 
2 pairs  of  stump-like  teeth,  neither  as  long  nor  as  sharp  as  the  cor- 
responding ones  in  the  post-larva.  Palatine  toothless. 

Scales  are  present  all  over  the  body,  but  the  majority  are  not 
imbricated.  Those  near  the  dorsal  and  ventral  profiles,  especially, 
are  sometimes  separated  from  the  neighboring  scales  by  their  full 
diameter.  The  specimen  is  in  such  good  condition  and  the  scaleless 
places  so  smooth  that  it  seems  unlikely  that  many  have  been  lost. 
Altogether,  about  half  as  many  are  present  as  in  the  adult.  All 
are  perfectly  transparent  ovals,  like  thin  tissue  in  consistency,  the 
edges  of  those  on  the  abdomen  loose  and  whitish,  due  to  the  partial 
development  of  luminous  material.  There  are  no  radii,  while 
circuli  are  indicated  by  about  half-a-dozen  exceedingly  faint  stria- 
tions.  The  canal  system  is  a miniature  of  that  found  in  larger 
specimens  except  that  the  posterior  border  of  each  scale  is  excavated 
into  a deep  scallop  which  extends  almost  to  the  central  pore.  A 
typical  lateral  line  scale  taken  at  the  vertical  from  the  anal  origin  is 
.54  mm  long  by  .38  mm  broad.  A normal  scale  from  the  same 
vertical  two  rows  below  the  lateral  line  measures  1.08  mm  by  .7 
mm. 

The  rays  of  the  paired  fins  are  all  well  developed.  The  pel  vies 
reach  more  than  one-fourth  of  the  distance  between  their  insertion 
and  the  anal  origin,  and  arise  at  the  vertical  from  the  7th  or  8th 
dorsal  ray.  The  dorsal  originates  mid-way  between  snout  and 
caudal  base.  The  anal  and  caudal  are  fully  developed.  The 
adipose  is  as  long  as  the  anal  fin,  with  traces  of  finfold  remaining 
even  further  forward,  almost  to  the  end  of  the  dorsal.  Similar 
traces  of  the  ventral  finfold  are  found  in  front  of  the  anal. 

Half-way  to  the  tips  of  the  anal  rays  is  a zone  of  white  and 
frothy  luminous  tissue,  occupying  the  webs.  Traces  of  this  continue 
across  the  most  ventral  raylets  of  the  caudal  fin,  dying  out  just  be- 
yond the  base  of  the  true  caudal  rays.  The  scales  of  the  lower 
sides  are  also  bordered  with  a luminous  substance. 
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Osteology:  In  a typical  adolescent  of  31  mm  the  head  and  opercles 
are  fairly  well  ossified;  the  anal  fin,  the  caudal  and  the  urostyle 
faintly.  A specimen  of  the  same  length,  but  with  external  characters 
showing  it  to  be  in  the  transition  stage  between  adolescent  and  adult, 
has  all  of  the  above  areas  much  more  strongly  ossified,  the  paired 
fins  moderately  so,  and  the  anterior  part  of  the  vertebral  column 
faintly.  A larger  immature  specimen  of  54  mm  has  the  entire 
skeleton  ossified  with  the  exception  of  the  tips  of  the  finrays,  the 
girdles  of  the  pectoral  and  pelvic  fins  and  the  14  anterior,  rayless 
baseosts  (described  on  p.  135). 

Digestive  System:  The  alimentary  canal  differs  from  that  of  the 
adult  (Fig.  42)  in  three  ways:  the  stomach  is  proportionately  shorter, 
its  first,  most  dorsal  section  alone  is  pigmented  and  this  is  compara- 
tively pale,  and  the  caeca  are  short  rudiments.  Coelom,  dark  brown. 

Reproductive  System:  The  gonads  occupy  the  same  relative 
position  as  in  the  adult,  against  the  dorsal  wall  of  the  coelom,  but 
are  almost  invisible,  being  flat,  exceedingly  narrow  and  perfectly 
transparent. 

Adult:  (Fig.  34D).  Seven  fully  adult  specimens  were  taken 
off  Bermuda  measuring  between  54  mm  and  94  mm.  The  stage  is 
characterized  by  completely  developed  bodily  proportions,  ossifica- 
tion and  gonads.  The  largest  of  the  Bermuda  specimens,  a female, 
is  described  below. 

Trawling  Data:  Department  of  Tropical  Research  No.  11,508; 
Bermuda  Oceanographic  Expeditions  of  the  New  York  Zoological 
Society;  Net  290;  July  11,  1929;  9 miles  south-east  of  Nonsuch 
Island,  Bermuda;  1000  fathoms;  Standard  length  94  mm. 

Measurements  and  Counts:  Standard  length  94  mm;  depth  16 
(in  length  6);  head  21  (in  length  4.6);  eye  8.6  (in  head  2.4);  snout  3.9 
(in  head  5.4) ; interocular  7 (in  head  3) ; interorbital  3.6  (in  head  5.8) ; 
maxillary  5 (in  head  4.2);  snout  to  anal  72;  the  first  finray  3.2  times 
nearer  base  of  caudal  than  tip  of  snout;  anal  base  16  (in  length  6; 
adipose  base  1.2  (in  anal  13.3);  pectoral  rays  10;  pectoral  length 
10.7;  pelvic  rays  9,  origin  under  7th  dorsal  ray;  length  longest  pelvic 
ray  8.6;  dorsal  rays  10;  anal  rays  19;  caudal  rays  XI  + 10  + 10  + 
XII;  about  40  scales  in  a longitudinal  series;  16  gill-rakers  on  lower 
half  of  first  gill  arch. 

External  Characters:  Ground  color  cinnamon  buff,  with  a silver 
sheen  ventrally.  The  under  layers  of  epidermis,  beneath  the 
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blackish-edged  scale  pouches,  are  thickly  speckled  with  dark  brown, 
slightly  dendritic  chromatophores.  The  lips,  orbits  and  coelom 
wall  (visible  externally  through  the  abdominal  skin)  are  black.  The 
iris  and  opercles  are  also  black,  but  densely  frosted  with  silver. 
Luminous  bands  on  fins,  silvery  white. 

The  moderately  elongate  body  is  considerably  compressed. 
Deepest  at  the  shoulders,  it  tapers  gradually  to  the  caudal  base, 
which  is  less  than  half  of  the  greatest  depth.  The  fin  bases  are  all 
slightly  elevated. 

The  general  contour  of  the  top  of  the  head  is  low  and  rounded. 
The  apex  is  on  a level  with  the  nape  and  shoulders,  the  interorbital 
region  somewhat  depressed  and  the  short  snout  convexly  curved  to 
the  protruding  upper  lip.  Beneath  this  the  lower  jaw  slants  sharply 
downward  and  back  to  its  angle  at  the  vertical  from  the  anterior 
margin  of  the  eye.  From  here  to  the  pectoral  origin  the  oblique 
descent  of  the  nearly  straight  ventral  profile  is  more  gradual.  The 
diameter  of  the  eye  is  less  than  the  length  of  the  postorbital  region, 
its  upper  margin  elevated  above  the  cephalic  profile.  Socket  of  eye 
ball  elliptical.  The  nostrils  are  placed  close  to  the  orbit,  separated 
from  each  other  by  the  breadth  of  the  snout.  The  gape  slopes 
sharply  downward  and  back,  the  maxillary  extending  to  the  vertical 
from  the  anterior  margin  of  the  eye. 

Teeth  are  present  in  the  maxillary,  mandible,  vomer  and  pala- 
tine. The  premaxillary  is  quite  toothless,  but  has  microscopic 
serrations.  In  the  maxillary  a few  true  teeth,  very  minute,  are 
scattered.  The  mandible  holds  about  25  pairs  of  tiny  teeth,  close- 
set,  nearly  straight,  and  of  an  almost  constant  diameter.  These 
articulate  with  the  teeth  of  the  vomer  and  palatine  of  which  there 
are  altogether  12  pairs. 

There  are  numerous  pores  on  the  head,  arranged  in  single  series 
along  the  jaws  and  isthmus  and  in  a double  circle  around  the  eye. 
They  open  into  a network  of  canals,  presumably  part  of  the  lateral 
line  system,  which  is  partially  traceable  through  the  thick,  translu- 
cent, outer  epidermis  of  the  head. 

Most  of  the  scales  are  missing,  but  judging  from  the  pouches, 
the  scales  in  the  anterior  part  of  the  body  and  on  the  opercula  were 
three  or  more  times  the  size  of  those  at  the  caudal  base.  There 
were  at  least  40  scales  in  the  lateral  line  and  six  rows,  exclusive  of 
the  profile  rows  and  those  along  the  bases  of  the  dorsal  and  anal  fins. 
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Scaled  areas:  The  fish  is  entirely  scaled  behind  the  vertical 
from  the  posterior  border  of  the  lens  of  the  eye. 

Number  and  arrangement:  Due  to  the  loss  of  many  of  the  scale 
pouches,  it  is  impossible  accurately  to  count  the  scales  of  each  row, 
but  the  total  number  is  about  as  follows,  excluding  those  of  the  head : 


Paired  scales  (ca.  250  x 2) 500 

Unpaired  scales  (dorsal  and  ventral  profiles) 40 

Total ............................................  540 


Each  row  extends  straight  from  the  nape  or  opercle  to  the  caudal 
base. 


Fig.  35.  Bathylagus  glacialis  Regan.  Lateral  line  scale  from  above  anal  origin.  From 
an  adult  specimen,  94  mm.  in  length.  ( X 20). 

All  of  the  scales  on  the  94  mm  specimen  were  missing,  but  a few, 
well  imbricated,  remained  along  the  lateral  line  of  a 60  mm  fish  (No. 
17,534).  The  one  illustrated  (Fig.  35)  is  about  the  23rd  in  the  lateral 
line,  from  the  vertical  from  the  anal  origin.  It  is  broadest  anteriorly, 
and  measures  2.7  mm  in  length  by  1.7  mm  maximum  breadth. 
There  are  7 or  8 circuli,  running  around  the  scale  anteriorly,  but  in 
the  apical  portion  they  extend  straight  backwards,  parallel  to  the 
dorsal  and  ventral  borders. 

The  pectoral  fins  are  inserted  very  close  to  the  ventral  profile, 
the  rays  bifid  from  the  base,  and  the  longest  of  them  extending  over 
about  a quarter  of  the  distance  between  their  origin  and  that  of  the 
pelvics.  The  rays  of  the  latter  are  also  double,  and  of  about  an 
equal  length,  the  longest  reaching  a third  of  the  way  between  the 
pelvic  and  anal  origins.  The  dorsal  fin  commences  nearer  the  snout 
than  the  caudal  base.  The  distance  from  the  anal  origin  to  the  base 
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of  the  caudal  is  about  equal  to  that  between  the  pelvic  and  anal 
origins.  Adipose  inserted  opposite  the  posterior  anal  rays. 

The  skin  of  the  abdomen,  the  proximal  portions  of  the  anal  and 
lower  caudal  rays  are  covered  with  a thin  coating  of  frothy,  silvery 
white,  luminous  material. 

Osteology:  A specimen  (No.  13,585)  measuring  74  mm  in  length 
is  strongly  ossified;  its  detailed  description  follows. 

Skull:  (Figs.  36  and  38).  In  general  the  bones  of  the  head  are 
well  ossified  but  exceedingly  delicate.  Most  of  them  are  of  similar 
thickness  throughout,  with  few  ridges  or  areas  of  more  deeply 
concentrated  bony  tissue,  the  principal  exceptions  being  the  angle  of 
the  quadrate,  the  hyomandibular,  the  opercles  and  the  branchiostegal 
rays. 

From  above,  the  broad  and  flattened  cranium  is  divided  into 
three  general  areas.  The  most  posterior,  or  cranium  proper,  includes 
the  entire  postorbital  region  and  is  dominated  by  the  large,  central, 
quadrilateral  supraoccipital.  Somewhat  broader  than  long,  it 
extends  back  into  a short  spine  above  the  deeply  imbedded  atlas, 
and  in  front  as  far  as  the  plane  of  the  end  of  the  orbit.  It  is  bounded 
posteriorly  by  the  triangular  epiotics  and  anteriorly  by  the  parietals, 
of  similar  shape  to  the  epiotics  and  touching  them  lateral  to  and  be- 
low the  supraoccipital.  The  oval  pterotics  are  visible  from  above, 
below  the  parietals  and  posterior  to  the  sphenotics. 

The  median  section  of  the  cranium  covers  the  whole  of  the 
interorbital  region  and  is  twice  as  large  as  either  the  postorbital 
or  antorbital  section.  The  broadly  expanded,  fused  frontals  occupy 
two-thirds  of  the  space,  the  supraorbitals  and  postfrontals  the  re- 
mainder. The  posterior  border  of  the  frontal  is  almost  straight, 
lying  between  the  posterior  extension  of  the  postfrontal,  contiguous 
to  the  sphenotics  and  parietals,  but  not  in  contact  with  the  supraoc- 
cipital. Laterally,  the  frontals  have  broad  margins  bent  upwards 
to  encase  the  ocular  tissues,  which  project  above  the  level  of  the  rest 
of  the  head  and  are  surmounted  by  the  broad,  leaf-like  postfrontals 
and  the  supraorbitals,  over  twice  as  long  as  the  first  bones.  The 
prefrontals  extend  downwards  along  the  anterior  margin  of  the  orbit, 
directly  beneath  the  anterior  part  of  the  supraorbitals. 

The  leaf -like  nasal  bones  occupy  most  of  the  length  of  the  pre- 
orbital regionfof  the  dorsal  aspect  of  the  skull.  They  are  superficial 
and  close  together,  separated  only  by  the  narrow  tongue  which  is 
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the  anterior  extension  of  the  frontals.  This  tongue  ends  in  a forked 
tip  close  beneath  the  apex  of  the  triangular  metethmoid.  The  base 
of  the  latter  is  separated  from  the  slenderly  curved  premaxillaries  by 
a definite  gap.  Maxillaries,  palatines,  entopterygoid  and  pterygoids 
can  be  seen  deeper  down  in  the  broad  snout,  far  lateral  to  the  nasals. 

Palato-pterygoid  arcade:  The  deeply  imbedded  hyomandib- 
ular  commences  dorsally  beneath  the  sphenotic  and  pterotic,  send- 
ing off  a short,  posterior  arm  to  articulate  with  the  opercle, 
interior  to  the  upper,  anterior  margin  of  the  latter.  Then,  well 
behind  the  orbit,  a long,  rather  slender  arm  extends  in  an  obliquely 
ventral  direction  and  ends  in  front  of  the  angle  of  the  preopercle, 
above  the  interhyal  and  tip  of  the  symplectic.  The  latter  bone  is 
an  elongate  shaft,  straight  except  for  the  upturned,  posterior  end, 
which  bounds  the  small  metempterygoid  posteriorly  and  ventrally 
and  the  large,  fan-shaped  quadrate  along  its  entire  lower  edge. 
Both  metempterygoid  and  quadrate  are  inclined  sharply  inwards, 
and  are  overlaid  by  the  jugal,  as  subsequently  to  be  described. 
Above  and  interior  to  them  the  elongate,  posteriorly  expanded 
entopterygoid  forms  the  roof  of  the  gullet.  Anteriorly  it  joins  the 
oblong  palatine,  which  in  turn  connects  with  the  vomer  in  front  and 
the  pterygoid  laterally.  The  pterygoid  is  a triangular  bone  with 
three  slender  spines:  The  anterior  joins  the  palatine;  the  most  dorsal 
runs  upward,  exterior  to  the  entopterygoid,  along  the  anterior  margin 
of  the  orbit,  almost  meeting  the  prefrontal ; and  the  third  and  largest 
extends  postero-ventrally  behind  and  in  contact  with  the  anterior 
portion  of  the  quadrate,  terminating  just  above  the  articulation  of 
the  jaw.  The  slender  parasphenoid  runs  from  the  vomer  back 
through  the  center  of  the  head,  between  the  eyes,  with  a slight  up- 
ward curve  in  its  anterior  portion. 

Jaw  apparatus:  The  premaxillaries,  although  entirely  eden- 

tulous, are  well  ossified,  not  fused  in  the  midline  nor  touching 
any  of  the  surrounding  bones.  The  maxillaries,  likewise  without 
teeth  but  deeply  stained,  extend  obliquely  downward,  exterior  to 
the  middle  of  the  solidly  constructed  dentary.  The  articular,  with 
boundaries  very  faintly  marked,  occupies  almost  the  entire  space 
between  the  V formed  by  the  dorsal,  toothed  side  of  the  dentary 
and  its  antero-ventral  boundary.  The  angular  is  minute  and  round- 
ed, well  below  the  junction  of  the  articular  with  the  quadrate.  The 
mandibular  teeth  are  ossified  only  at  their  bases;  the  larger  ones  of 
vomer  and  palatine  throughput  their  lengths. 
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underlying  bones  depicted  in  fig.  36. 
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Fig.  39.  Bathylagus  glacialis  Regan.  Skull,  hyoid  arch  and  opercular  bones,  latero-ventral  view. 


132 


Zoologica:  N.  Y.  Zoological  Society 


[XVI;  3 


Opercular  bones:  Preopercle,  interopercle  and  subopercle  are 
all  strongly  ossified  and  comparatively  sturdy;  the  opercle  on  the 
other  hand  is  but  lightly  stained  and  very  fragile,  especially  pos- 
teriorly, except  for  the  margins  of  three  to  six  posterior,  comb-like 
ridges  which  extend  obliquely  downward.  These  are  more  numerous 
on  the  right  side  of  the  fish  than  on  the  left.  The  posterior  part  of 
the  subopercle  lies  just  interior  to  the  opercle,  its  anterior  portion 
filling  the  space  between  the  opercle  and  the  expanded  head  of  the 
interopercle.  The  latter  extends  forward  as  a thin,  exceedingly 
elongate  bone  beneath  and  partially  interior  to  the  corresponding 
part  of  the  preopercle,  both  ending  barely  in  back  of  the  articular. 
Posteriorly  the  preopercle  curves  almost  straight  upward  between 
opercle  and  hyomandibular,  passing  exterior  to  the  short,  posterior 
branch  of  the  latter  and  terminating  level  with  the  top  of  the  opercle. 
At  this  point  it  is  seen  that  at  least  the  upright  arm  of  the  preopercle 
is  quite  hollow,  with  the  end  almost  in  contact  with  an  unidentified, 
poriferous  bone. 

Cephalic  bones  of  the  lateral  line:  The  poriferous  bone  just 
mentioned  has  its  dorsal  portion  lying  interior  to  the  pterotic 
and  all  of  it  is  well  imbedded  in  the  tissues;  there  is  little  doubt 
but  that  it  belongs  to  the  lateral  line  system.  There  are  two  other 
bones,  similar  in  character  but  lying  almost  on  the  surface  and 
quite  unconnected  with  the  cranium.  The  first,  a narrow  oblong, 
lies  between  epiotic  and  pterotic.  The  second,  small  and  oval, 
extends  between  the  first  bone  and  the  origin  of  the  lateral  line  proper, 
above  the  opercle.  Both  are  well  ossified,  the  longer  one  having 
several  irregular  pores,  the  smaller  showing  four  pairs  of  perforations 
along  the  dorsal  and  ventral  edges. 

Circumorbital  bones:  (Fig.  37).  Due  to  the  great  size  of 
the  eyes,  the  supraorbital  and  postfrontal,  as  already  described, 
roof  rather  than  border  the  eye-ball,  while  the  circumorbital  bones 
have  been  pushed  down  exterior  to  the  bones  of  the  palato-pterygoid 
arcade.  All  are  greatly  expanded,  delicate,  superficial  and  only 
moderately  well  ossified.  The  lacrymal  is  an  extensive  oblong,  its 
anterior,  upper  end  overlying  the  posterior  part  of  the  upper  jaw, 
its  vertical  and  posterior  the  articular  as  far  as  the  jaw  angle.  The 
jugal  covers  as  much  distance  externally  as  do  both  quadrate  and 
metempterygoid  inside,  and  reaches  from  the  orbit  to  the  vertical 
arm  of  the  preopercle.  Dividing  the  space  between  the  jugal  and 
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the  small  sphenotic  there  are  but  two  circumorbitals;  a broad  one 
extending  across  the  hyomandibular  to  the  vertical  preopercular 
arm  and  a small,  semicircular  plate,  dorsal  to  this  and  not  reaching 
the  hyomandibular.  A moderate-sized  orbito-sphenoid  lies  interior 
to  sphenotic  and  frontal. 

Hyoid  arch:  (Fig.  39).  The  tip  of  the  short  and  rather  slender 
interhyal  thrusts  up  between  the  symplectic  and  the  hyomandibular, 
wihle  its  lower  end  is  in  contact  with  the  rounded  epihyal. 
From  the  latter  bone  arise  the  two  flat,  slightly  curving  branchio- 
stegals;  each  of  these  has  a low,  median  keel.  The  spindle-shaped 
ceratohyal  is  four  times  the  length  of  the  epihyal  and  almost  touches 
the  basihyal.  The  basihyals  are  slightly  longer  than  broad,  with 
pronounced  ridges  opposed  to  each  other  and  nearly  in  contact 
across  the  ventral  midline.  Passing  beneath  these  bones  toward 
the  basibranchials  is  the  stem  of  the  large  glossohyal,  a deeply 
imbedded,  cone-shaped,  feebly  ossified  bone  with  its  base  in  about 
the  same  plane  as  the  posterior  part  of  the  maxillary. 

Pectoral  girdle:  The  slender  post-temporal  is  attached  dorsally 
to  a short  spine  on  the  lower,  posterior  corner  of  the  epiotic. 
Post-temporal,  supracleithrum  and  cleithrum  all  articulate  at  about 
the  level  of  the  dorsal  rim  of  the  opercle,  the  top  of  the  supraclei- 
thrum lying  wedged  between  the  ventral  tip  of  the  post-temporal 
and  the  dorsal  end  of  the  cleithrum.  The  supracleithrum,  always 
anterior  to  the  cleithrum,  reinforces  it  as  far  down  as  the  lower  third 
of  the  opercle,  where  it  terminates.  The  cleithrum  continues 
ventrally  in  a broad  curve.  The  bone  is  twisted  and  folded  through- 
out its  length,  with  several  lateral  expansions.  The  shape  of  the 
large  and  thin  post-clavicula  cannot  be  exactly  determined,  as  it  is 
only  feebly  ossified,  and  this  in  patches  only.  Three  pterygials  are 
moderately  well  ossified. 

Vertebral  column  and  fins:  (Fig.  40).  The  vertebral  column 
and  all  its  appendages  are  strongly  ossified.  Including  the  axis 
and  urostyle  there  are  53  vertebrae.  These  are  of  similar  size 
(1.4  mm  long  by  .7  mm  minimum  diameter)  as  far  back  as  the 
posterior  part  of  the  anal.  Posterior  to  this  they  are  slightly 
smaller. 

The  axis  has  a short,  neural  protuberance  only.  Following  this 
are  two  vertebrae  without  ribs  but  similar  in  every  other  way  to 
the  succeeding  28,  ribbed  elements.  In  these  the  neurapophyses  are 
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not  united  as  far  back  as  the  26th  vertebra,  well  behind  the  end  of 
the  dorsal  fin;  they  arise  from  the  anterior  part  of  the  centrum  as  a 

4/ 


pair  of  slender  spines,  about  twice  as  long  as  the  centrum  itself. 
From  the  26th  on,  however,  the  distal  two-thirds  of  each  pair  are 
fused,  forming  typical  neural  arches.  From  their  bases  arise  ex- 
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ceedingly  delicate  epipleural  spines,  directed  outwards  and  back, 
four-fifths  the  length  of  the  entire  neural  element.  There  is  no  trace 
of  a haemal  arch  in  front  of  the  27th  vertebra;  at  this  point,  however, 
a pair  of  tiny,  short  spines  is  visible  at  the  front  of  the  parapophyses. 
At  the  29th,  they  are  much  larger  and  unite  in  the  median  line, 
forming  a complete  haemal  arch  with  a short  haemal  spine.  Several 
vertebrae  behind  this  the  spine  lengthens  to  equal  the  neural  spine; 
the  succeeding  ones  are  similar,  until  the  first  modifications  of  the 
caudal  base  appear  (see  below). 

Ribs  are  found  on  the  third  through  the  thirty-second  vertebrae 
inclusive.  They  arise  from  broad  parapophyses  far  down  on  the 
sides  of  the  anterior  halves  of  the  centra.  Normally  they  are  about 
twice  as  long  as  the  neurpophyses,  but  the  last  six  are  progressively 
reduced  in  size  and  their  origins  shifted  gradually  outward  along  the 
haemal  arch. 

Anterior  and  posterior  zygopophyses  are  well  developed. 

There  are  14  dorsal  baseosts  which  lack  finrays.  The  first 
is  very  small  and  close  to  the  second,  both  anterior  to  the  first  neural 
spine,  arising  from  the  first  vertebra  back  of  the  atlas.  Close  in 
front  of  the  base  of  the  first  dorsal  ray  three  baseosts  radiate,  the 
first  two  short  and  pointing  forward.  These  three  exactly  make 
up  the  number  to  fill  the  three  empty  inter-neural-spine  intervals  to 
the  fourth,  which  is  the  normal  baseost  of  the  first  dorsal  ray.  This 
undoubtedly  is  a degenerate  condition,  reflecting  an  ancestor  which 
must  have  had  a strong,  continuous  fin  from  the  neck  backward. 
These  extra  baseosts  are  the  last  bones  in  this  species  to  show  traces 
of  ossification,  although  they  are  as  strongly  ossified  as  the  succeeding 
baseosts  in  the  present  specimen.  There  is  a single  baseost  for 
each  dorsal  ray,  extending  downward  from  the  finray  base  in  front 
of  and  between  the  tips  of  each  pair  of  neural  spines.  In  the  anal 
fin  the  first  and  last  rays,  very  short  though  strongly  ossified,  lack 
support;  otherwise  one  baseost  is  opposed  to  each  ray.  All  of  the 
baseosts  have  thickened  cores,  four-pointed  dorsal  tips  and  delicate, 
lateral  flanges. 

Caudal  fin  and  end  of  vertebral  column:  (Fig.  41).  The 
first  vertebra  to  show  any  caudal  specialization  is  the  46th  or 
seventh  before  the  urostyle.  This  and  the  succeeding  one  have 
the  neural  and  haemal  spines  lengthened,  and  articulating  with 
the  anterior  caudal  raylets.  The  48th  in  addition  shows  a slight, 
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Fig.  41.  Bathylagus  glacialis  Regan.  Caudal  vertebrae  and  finrays. 
(Preparation  and  drawing  by  Gloria  Hollister) 


median,  anterior  keel  of  bone  at  the  base  of  the  spines.  This 
incurves  to  a wide  and  elongate  bony  wing  on  the  succeeding  four 
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vertebrae,  the  neural  spine  of  the  last  showing  the  keel  developed  on 
both  central  and  posterior  sides  of  the  spine. 

The  urostyle  extends  far  up  and  back,  almost  to  the  epural, 
neural-spine  contour.  It  bears  on  the  anterior  side  near  the  bone  an 
elongate,  enlarged  neural  arch  and  spine  having  a wide,  thin  keek 
There  are  two  epurals,  the  anterior  twice  as  long  and  wide  interiorly 
as  its  fellow.  In  the  ventral  aspect  of  the  urostyle  we  count  eight 
hypurals,  the  first  very  similar  to  the  preceding  hypaxial  element. 
The  second  hypural  (1.9  x .9  mm)  is  the  largest  bone  in  the  caudal 
complex,  twice  as  long  as  it  is  wide  posteriorly.  The  third  hypural  is 
narrow  and  closely  connected  with  the  .second.  The  fourth  is  wide 
and  parallel  with  the  vertebral  column  and  almost  as  great  in  extent 
as  the  fifth.  The  sixth  is  much  smaller,  but  elongate  and  flattened, 
while  the  seventh  and  eighth  hypurals  are  small  splinters  of  bones 
like  the  epurals. 

The  sequence  of  external  elements  is  XIII  + 10  + 12  + 13. 

The  anterior  five  dorsal  raylets  are  sloped  more  and  more 
sharply  forward,  but  only  the  two  anterior  ventral  raylets  are  thus 
specialized,  lying  horizontally,  almost  at  right  angles  to  the  remainder. 

Digestive  System:  (Fig.  42).  The  following  measurements  were 
taken  on  a specimen  of  75  mm  (No.  17,534):  Oesophagus  and 


Fig.  42.  Bathylagus  glaialis  Regan.  Alimentary  canal. 

stomach  to  its  most  posterior  extent,  18.6  mm  long,  2.9  mm  in 
diameter;  pyloric  canal  (from  posterior  end  of  stomach  to  base  of 
caeca)  13.9  mm  long,  1.1  mm  in  diameter;  intestine  68.9  mm,  equal 
in  average  diameter  to  the  pyloric  canal  except  immediately  posterior 
to  the  middle  of  its  length,  where  there  is  a short  portion  somewhat 
swollen.  There  are  six  caeca,  the  longest  measuring  4.3  mm  in 
length,  the  shortest  2.9;  diameter  of  the  longest,  .7  mm.  The  liver 
is  bi-lobed,  each  half  measuring  4.3  mm  long  by  2.9  mm  in  maximum 
breadth.  Coelom,  oesophagus,  stomach  and  pyloric  canal,  jet 
black;  intestine  and  caeca,  white. 
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Reproductive  System:  In  the  female  of  94  mm  the  ovaries  lie 
against  the  dorsal  wall  of  the  coelom  and  are  about  50  mm  long  by 
.65  mm  broad.  They  are  very  flat,  with  the  minute  eggs  arranged  in 
single,  double  and  triple  layers. 

A female  of  60  mm  with  unripe  eggs  was  taken  in  the  same  net 
as  a 75  mm  male.  The  testicles  of  the  latter  exactly  correspond  in 
relative  size  and  position  to  the  ovaries  of  the  female,  and  seem 
about  spent. 

Summary  of  Development:  The  following  resumes  of  the 
characteristics  of  each  growth  stage  are  based  on  a study  of  all  of 
the  specimens  in  the  Bermuda  collection. 

Summary  of  the  Changes  Taking  Place  During  Growth 

Post-larva:  23  to  29  mm.  Two  characteristic  rows  of  lateral  pig- 
ment spots,  one  above  and  one  below  lateral  line;  body  slender 
(depth  in  length  10  to  11.5,  not  6 to  6.3  as  in  adult) ; eyes  stalked, 
small;  vomerine  teeth  1 or  2 pairs;  no  palatine  teeth;  no  scales; 
pectoral  rays  undifferentiated;  pelvic  reaching  about  one- 
eighth  of  distance  between  insertion  and  anal;  anal  with  from 
1 to  4 rays  fewer  than  adult;  urostyle  tip  prominent;  adipose  fin- 
fold  much  longer  than  anal  base;  traces  of  pre-anal  finfold; 
extreme  tip  of  gut  projecting;  ossification  absent  or  present  only 
on  jaws,  quadrate  angle  and  opercular  margins. 

Transition:  23  to  30  mm.  Eye  sunk  into  orbit,  but  smaller  than 
latter  and  not  attached  to  either  its  rim  or  sides;  one  or  more 
other  post-larval  characters  remaining  combined  with  those  of 
the  adolescent,  given  below. 

Adolescent:  25  to  31  mm.  Post-larval  pigment  spots  persisting; 
body  approaching  adult  depth  (depth  in  length  6.8  to  7.4,  not 
6 to  6.3  as  in  adult) ; eyes  firmly  attached  to  orbit,  but  with  the 
iris  small,  the  whole  encased  in  a thick,  transparent  membrane, 
the  entire  diameter  of  which  is  contained  only  about  4 times  in 
the  head  (instead  of  2.2  to  2.4,  as  in  the  adult),  and  is  consider- 
ably less  than  the  length  of  the  post-orbital  region;  vomer  and 
palatine  with  2 to  4 pairs  of  teeth  altogether,  smaller  than  in 
post-larva;  scales  developing;  finrays  all  well  developed;  pelvic 
extending  over  one  fourth  to  one-half  of  the  distance  between 
its  insertion  and  the  anal  origin,  having  9 or  10  rays;  urostyle 
tip  almost  invisible;  adipose  finfold  about  equal  to  anal  base, 
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except  for  occasional  traces,  very  shallow,  further  forward;  tip 
of  gut  may  project;  ossification  partial  (head  and  proximal  parts 
of  finrays  only). 

Transition:  26  to  50  mm.  Like  adult,  except  that  there  are  6 or 
more  (but  not  12)  pairs  of  vomerine  and  palatine  teeth  alto 
gether,  the  two  lateral  rows  of  pigment  spots  persist,  ossification 
is  incomplete,  gonads  immature,  and  luminous  tissue  generally 
undeveloped. 
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Fig.  43.  Bathylagus  glacialis  Regan.  The  vertical,  monthly  and  yearly  distribution 
of  the  specimens  taken  by  the  Bermuda  Oceanographic  Expeditions. 
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Adult:  54  to  94  mm.  Depth  in  length  6 to  6.3;  eyes  contained  2.2 
to  2.4  times  in  head,  equal  to  or  larger  than  post-orbital  region; 
vomerine  and  palatine  teeth  about  12  pairs  altogether;  scales 
and  luminous  material  fully  developed;  pelvic  extending  over 
more  than  one-half  the  distance  between  its  insertion  and  anal 
origin;  sometimes  a vestigial  tenth  ray  found  in  pelvic  fin;  uro- 
style  entirely  internal;  adipose  finfold  lacking,  the  adipose  fin 
being  but  a small  fraction  of  the  anal  base  in  length ; tip  of  gut 
not  projecting;  ossification  complete;  gonads  mature. 


Order  of  Development  of  Principal  Characters 

KEY: 

• Development  rudimentary. 

Half  developed 

Fully  developed  (i.  e.  in  regard  to  appearance  and  proportions,  but  not 

in  actual  size). 


Number  of  Specimens 

Locality 

Season 

Vertical  Distribution 
Length 

Growth  Characters 
Finfolds 

Post-larval  pigment 
Dorsal  fin 
Caudal  fin 
Anal  fin 
Pectoral  fin 
Pelvic  fin 
Body  form 
Eyes 

Mandibular  teeth 
Vomer  and  palatine  teeth 
Alimentary  canal 
Ossification  of  skull 
Scales 

Ossification  of  fins 
Gonads 

Luminous  tissue 
Ossification  of  vertebrae 
Ossification  of  girdles 


LARVA 

29 

Bermuda 
June  to  Sept. 
500  to  1000  F. 
23  to  30  mm 


POST-LARVA 

63 

Bermuda 
May  to  Sept. 
500  to  1000  F. 
25  to  50  mm 


ADOLESCENT 

7 

Bermuda 
May  to  Sept. 
700  to  1000  F. 

54  to  94  mm 
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Vertical  and  Seasonal  Distribution:  Fig.  43  shows  the 
vertical,  monthly  and  yearly  distribution  of  the  Bermuda  specimens 
of  Bathylagus  glacialis.  The  vertical  range  lay  between  500  and 
1000  fathoms,  with  a mean  depth  of  808  fathoms.  Even  on  the 
basis  of  an  equal  number  of  nets  each  month,  the  species  was  rare 
in  the  spring,  most  abundant  in  September  (Figs.  44  and  45).  The 
world  distribution  map  (Fig.  33)  shows  the  Bermuda  depths  side  by 
side  with  those  of  the  specimens  previously  recorded,  for  purposes  of 
comparison. 

The  table  below  correlates  the  data  of  the  graphs  just  mentioned 
with  length  and  growth  stage  (discussed  under  Development) 
and  gives  in  addition  average  depths  and  lengths: 


Relation  of  Month,  Number  of  Specimens,  Depth,  Length 
and  Growth  Stage 


Month 

Number 

Depth  in  Fath.: 
Extremes  Average 

Length  in  mm: 
Extremes  Average 

Growth  Stages 

May 

8 

500-800 

638 

26  to  55 

31.5 

Adolescent 

Adult 

June 

17 

700-1000 

818 

25  to  46 

33.1 

Post-larva 

Adolescent 

July 

20 

500-1000 

795 

25  to  94 

33.1 

Post-larva 

Adolescent 

Adult 

Aug. 

17 

500-1000 

824 

23  to  30 

27.2 

Post-larva 

Adolescent 

Sept. 

37 

700-1000 

841 

24  to  75 

31.9 

Post-larva 

Adolescent 

Adult 

Total 

99 

500-1000 

808 

23  to  94 

31.5 

Post-larva 

Adolescent 

Adult 


Much  of  the  data  of  this  table  is  presented  in  graph  form  in 
Fig.  46.  A study  of  both  table  and  graph  results  in  the  following 
conclusions : 

1.  In  Bermuda  Bathylagus  glacialis  is  taken  on  an  average  of 
more  than  100  fathoms  higher  in  the  spring  than  in  late  summer  and 
fall. 

2.  Specimens  in  all  stages  of  growth,  beginning  with  the  post- 
larva and  ending  with  adults  in  almost  full  breeding  condition,  were 
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taken  from  May  to  September,  showing  no  evident  correlation  with 
depth  or  season. 

Sociability:  In  two  nets  three  specimens  were  found  together; 
in  eight,  two  immature  fish;  and  in  one  net,  a pair  of  young  adults, 
male  and  female,  not  in  breeding  condition. 


Fig.  44.  (Left).  Bathylagus 
glacialis  Regan.  The  vertical  dis- 
tribution of  the  specimens  taken  by 
the  Bermuda  Oceanographic  Expe- 
ditions. 


Fig.  45.  (Right).  Bathylagus  glacialis  Regan.  The  seasonal  distribution  of  the 
specimens  taken  by  the  Bermuda  Oceanographic  Expeditions.  The  solid  line  is  based  upon 
the  actual  number  of  specimens  taken,  the  broken  line  upon  the  number  which  would  theoret- 
ically have  been  caught  if  as  many  nets  had  been  drawn  every  month  as  during  September,  i 


Abundance  : Bathylagus  glacialis  is  uncommon  among  the  deep- 
sea  fishes  taken  off  Bermuda.  It  occurred  in  9.5  per  cent  of  all  the 
nets  drawn  between  500  and  1000  fathoms,  the  limits  of  its  vertical 
distribution. 

Food:  The  stomachs  of  ten  specimens,  measuring  from  30  to 
96  mm  were  opened.  All  were  entirely  empty,  with  one  exception, 
a 64  mm  fish  whose  stomach  contained  a single  copepod.  The  speci- 
mens examined  were  taken  between  600  and  1000  fathoms. 


See  Introduction,  p.  7. 
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Fig.  46.  Bathylagus  glacialis  Regan.  The  relation  of  month  of  capture  to  average 
length  (dotted  line),  average  depth  (solid  line)  and  theoretical  numerical  abundance1  (broken 
line),  all  based  on  the  total  number  of  specimens  taken  by  the  Bermuda  Oceanographic 
Expeditions. 

Study  Material 

The  following  list  gives  the  catalogue  number,  depth  in  fathoms, 
date  of  capture,  length  and  growth  stage  of  each  specimen  of  Bathy- 

1 See  fig.  45  and  Introduction,  p.  7. 
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lagus  glacialis  taken  by  the  Bermuda  Oceanographic  Expeditiont. 
All  were  caught  in  the  cylinder  of  water  off  the  Bermuda  coass 
described]  on  p.  5.  The  abbreviations  “P.-lar.  Trans/’  and  “Adol. 
Trans.”  stand  for  post-larval  transition  stage  and  adolescent  transi- 
tion stage,  respectively. 


No. 

9,748 

Net 

64; 

No. 

10,261 

Net 

141; 

No. 

10,392 

Net 

162; 

No. 

10,717 

Net 

198; 

No. 

10,891 

Net 

214; 

No. 

10,960 

Net 

220; 

No. 

10,963 

Net 

220; 

No. 

11,239 

Net 

252; 

No. 

11,237 

Net 

253; 

No. 

11,508 

Net 

290; 

No. 

11,635 

Net 

306; 

No. 

11,860 

Net 

328 

No. 

11,877 

Net 

330 

No. 

24,139 

Net 

351 

No. 

12,179 

Net 

365 

No. 

24,150 

Net 

371 

No. 

12,433 

Net 

382 

No. 

12,498; 

; Net 

389; 

No. 

12,595; 

; Net 

395; 

No. 

12,982: 

; Net 

413; 

No. 

13,189a;  Net 

435; 

No. 

13,228: 

; Net 

440; 

No. 

13,239 

; Net 

442; 

No. 

13,349: 

; Net 

449; 

No. 

13,423: 

; Net 

460; 

No. 

13,468 

; Net 

466; 

No. 

13,477: 

; Net 

468; 

No. 

13,584 

; Net 

480; 

No. 

13,585 

; Net 

480; 

No. 

13,637 

; Net 

487; 

No. 

13,782 

; Net 

507; 

No. 

14,803 

Net 

552 

No. 

14,905 

Net 

565 

No. 

15,078 

Net 

590 

No. 

15,149 

Net 

598 

No. 

15,518 

Net 

647 

No. 

15,696 

Net 

665 

600  F.;  May  4,  1929; 
600  F.;  May  31,  1929; 
900  F.;  June  6,  1929; 
1000  F.;  June  20,  1929; 
800  F.;  June  24,  1929; 
800  F.;  June  25;  1929; 
800  F.;  June  25,  1929; 
900  F.;  July  4,  1929; 
1000  F.;  July  4,  1929; 
1000  F.;  July  11,  1929; 
600  F.;  July  16,  1929; 

800  F.;  July  27,  1929; 
900  F.;  July  27,  1929; 
1000  F.;  Aug.  8,  1929; 
1000  F.;  Aug.  10,  1929; 
1000  F.;  Aug.  14,  1929; 
900  F.;  Aug.  16,  1929; 

1000  F.;  Aug.  17,  1929; 
1000  F.;  Aug.  23,  1929; 
900  F.;  Sept.  3,  1929; 
1000  F.;  Sept.  6,  1929; 
900  F.;  Sept.  7,  1929; 
1000  F.;  Sept.  7,  1929; 
1000  F.;  Sept.  9,  1929; 
700  F.;  Sept.  11,  1929; 
900  F.;  Sept.  12,  1929; 
1000  F.;  Sept.  12,  1929; 
700  F.;  Sept.  20,  1929; 
700  F.;  Sept.  20,  1929; 
800  F.;  Sept.  21,  1929; 
700  F.;  Sept.  25,  1929; 

600  F.;  May  9,  1930; 
500  F.;  May  12,  1930; 
800  F.;  May  17,  1930; 
800  F.;  May  19,  1930; 
700  F.;  May  29,  1930; 
700  F.;  June  4,  1930; 


30  mm;  Adolescent. 

26  mm;  Adol.  Trans. 

28  mm;  Adol.  Trans. 

25  mm;  Adolescent. 

46  mm;  Adol.  Trans. 

30  mm;  Adolescent. 

27  mm;  Post-larva. 

25  mm;  P.-lar.  Trans. 

30  mm;  Adolescent. 

94  mm;  Adult. 

25,  26  mm;  Post-larva  & P.- 
lar.  Trans. 

26  mm;  Adolescent. 

25,  26  mm;  P.-lar.  Trans. 

26  mm;  Adolescent. 

29  mm;  Adolescent. 

26  mm;  P.-lar.  Trans. 

26,  26  mm;  P.-lar.  Trans.  & 

Adolescent. 

30  mm;  Adolescent. 

23  mm;  P.-lar.  Trans. 

30  mm;  Adolescent. 

26  mm;  P.-lar.  Trans. 

28  mm;  Adolescent. 

27,  27,  27  mm;  P.-lar.  Trans. 

28,  28  mm;  Adolescent. 

30  mm;  P.-lar.  Trans. 

28  mm;  Adolescent. 

29  mm;  Adolescent. 

28  mm;  Adolescent. 

74  mm;  Adult. 

28  mm;  P.-lar.  Trans. 

26  mm;  Adolescent. 

27  mm;  Adolescent. 

27,  27  mm;  Adolescent. 

28  mm;  Adolescent. 

55  mm;  Adult. 

32  mm;  Adol.  Trans. 

44  mm;  Adol.  Trans. 


1933]  Beebe:  Deep-Sea  Fishes  of  the  Bermuda  Expeditions 


145 


No. 

15,771 

Net 

682 

800 

F.; 

June 

7, 

No. 

15,832 

Net 

686 

800 

F.; 

June 

9, 

No. 

16,036 

Net 

701 

800 

F.; 

June 

13, 

No. 

15,991 

Net 

711 

800 

F.; 

June 

16, 

No. 

16,054 

Net 

713 

700 

F.; 

June 

17, 

No. 

16,256 

Net 

721 

900 

F.; 

June 

25, 

No. 

16,261 

Net 

722 

900 

F.; 

June 

25, 

No. 

16,507 

Net 

748 

900 

F.; 

June 

30, 

No. 

16,927 

Net 

760 

700 

F.; 

July 

2, 

No. 

16,948 

Net 

761 

900 

F.; 

July 

2, 

No. 

16,953 

Net 

778 

700 

F.; 

July 

5, 

No. 

16,761 

Net 

788 

900 

F.; 

July 

7, 

No. 

17,042 

Net 

801 

900 

F.; 

July 

15, 

No. 

17,190 

Net 

804 

500 

F.; 

July 

16, 

No. 

17,060 

Net 

806 

700 

F.; 

July 

16, 

No. 

17,204 

Net 

807 

800 

F.; 

July 

16, 

No. 

17,534 

Net 

825 

800 

F.; 

Sept. 

1, 

No. 

17,634 

Net 

832 

900 

F.; 

Sept. 

2, 

No. 

17,791 

Net 

839 

700 

F.; 

Sept. 

3, 

No. 

17,958 

Net 

850 

800 

F.; 

Sept. 

5, 

No. 

18,030 

Net 

857 

900 

F.; 

Sept. 

6, 

No. 

18,101 

Net 

862 

800 

F.; 

Sept. 

8, 

No. 

18,115 

Net 

864 

1000 

F.; 

Sept. 

8, 

No. 

18,497 

Net 

883 

700 

F.; 

Sept. 

13, 

No. 

18,502 

Net 

884 

800 

F.; 

Sept. 

13, 

No. 

18,513 

Net 

886 

900 

F.; 

Sept. 

13, 

No. 

18,684 

Net 

896 

700 

F.; 

Sept. 

16, 

No. 

18,720 

Net 

905 

900 

F.; 

Sept. 

17, 

No. 

19,139 

Net 

925 

900 

F.; 

Sept. 

20, 

No. 

19,057 

Net 

930 

700 

F.; 

Sept. 

22, 

No. 

21,554 

Net 

1104 

700 

F.; 

July 

25, 

No. 

21,611 

Net 

1109 

600 

F.; 

July 

27, 

No. 

21,807 

Net 

1123 

700 

F.; 

Aug. 

3, 

No, 

21,904 

Net 

1133 

700 

F.; 

Aug. 

5. 

No. 

22,323 

Net 

1175 

600 

F.; 

Aug. 

14, 

No. 

22,330 

Net 

1177 

800 

F.; 

Aug. 

14, 

No. 

22,546 

Net 

1193 

500 

F.; 

Aug. 

18, 

No. 

22,530 

Net 

1194 

700 

F.; 

Aug. 

18, 

No. 

22,549 

Net 

1196 

800 

F.; 

Aug. 

18, 

No. 

22,619 

Net 

1200 

600 

F.; 

Aug. 

19, 

No. 

22,909 

Net 

1245 

1000 

F.; 

Aug. 

31, 

No. 

22,977 

Net 

1251 

900 

F.; 

Sept. 

1, 

No. 

23,062 

Net 

1256 

700 

F.; 

Sept. 

3, 

No. 

23,119 

Net 

1263 

800 

F.; 

Sept. 

4, 

1930;  34,  40  mm;  AdoL  Trans. 
1930;  27  mm;  Adolescent. 

1930;  30,  31  mm;  Adolescent  & 

Adol.  Trans. 

1930;  34  mm;  Adol.  Trans. 

1930;  40,  40  mm;  Adol.  Trans. 
1930;  28  mm;  P.-lar.  Trans. 

1930;  27  mm;  Adolescent. 

1930;  31  mm;  Adolescent. 

1930;  54  mm;  Adult. 

1930;  30  mm;  Adolescent. 

1930;  31  mm;  Adol.  Trans. 

1930;  29,  29,  30  mm;  Adolescent 
(2)  & P.-lar.  Trans. 
1930;  27  mm;  Adolescent. 

1930;  28  mm;  Post-larva. 

1930;  45  mm;  Adol.  Trans. 

1930;  29  mm;  Adolescent. 

1930;  60,  75  mm;  Adults. 

1930;  28  mm;  Adolescent. 

1930;  50  mm;  Adol.  Trans. 

1930;  26  mm;  P.-lar.  Trans. 

1930;  61  mm;  Adult. 

1930;  27  mm;  Adolescent. 

1930;  26  mm;  Adolescent. 

1930;  25  mm;  Adolescent. 

1930;  26  mm;  Adolescent. 

1930;  26  mm;  Adolescent. 

1930;  28  mm;  Adolescent. 

1930;  25  mm;  Adolescent. 

1930;  24  mm;  P.-lar.  Trans. 

1930;  27  mm;  Adolescent. 

1931;  27  mm;  P.-lar.  Trans. 

1931;  26  mm;  P.-lar.  Trans. 

1931;  30  mm;  Adolescent. 

1931;  28  mm;  Adolescent. 

1931;  28  mm;  Post-larva. 

1931;  30  mm;  P.-lar.  Trans. 

1931;  23  mm;  Post-larva. 

1931;  29  mm;  Post-larva. 

1931;  27,  28  mm;  Adolescents. 
1931;  27  mm;  Post-larva. 

1931;  27  mm;  Adolescent. 

1931;  28  mm;  Adolescent. 

1931;  25  mm;  Post-larva. 

1931;  28  mm;  Adolescent. 
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No.  23,193;  Net  1273;  800  F.;  Sept.  7,  1931;  25  mm;  P.-lar.  Trans. 

No.  23,318;  Net  1292;  700  F.;  Sept.  12,  1931;  26  mm;  Adolescent. 

No.  23,367;  Net  1298;  800  F.;  Sept.  14,  1931;  25  mm;  Adolescent. 

No.  23,674;  Net  1328;  800  F.;  Sept.  19,  1931;  27  mm;  Adolescent. 

The  following  specimens  were  cleared  and  stained  in  order  to 
study  the  skeleton:  No.  13,584  (KOH  No.  944);  No.  15,149  (KOH 
No.  861);  No.  15,413.  (KOH  No.  635);  No.  15,518  (KOH  No.  1063); 
No.  16,507  (KOH  No.  1151);  No.  22,323  (KOH  No.  1152). 

Colored  plates,  outline  drawings  and  photographs  are  filed  under 
the  following  numbers:  Colored  plate  B614;  outline  drawings 
B879,  B880,  B881,  B882,  B883;  photograph  B5346-L. 

Synonymy  and  References 

Bathylagus  glacialis: 

Regan,  1913  (part),  p.  231,  pi.  IX,  fig.  2.  (4  specimens  80  to  100 

mm;  [one  of  the  five  types  mentioned  is  B.  euryops  according 
to  Norman,  1930,  p.  275],  800  to  1400  [-0]  fathoms;  Antarctic 
Ocean.  Type  Specimens .) 

Norman,  1930,  p.  275,  ( Discovery : 6 specimens;  24  to  118  mm;  112 
to  1350  (-0)  M.;  west  of  Cape  Town;  south  of  Tristan  d’Acunha; 
northeast  of  Falkland  I.  Nat’ 1 Mus.  of  Ireland:  1 specimen; 
135  mm;  695  to  720  fath.;  Co.  Kerry,  S.  W.  Ireland). 
Bathylagus  antarcticus:  (part). 

Brauer,  1906,  p.  13,  fig.  2:  (1  to  3 specimens,  depending  upon  how 
many  of  the  four  mentioned  are  actually  B.  antarcticus;  between 
42  and  133.5  mm;  1500  to  2000  M.;  Antarctic,  south  of  Cape 
Town,  Bouvet  Island  and  Enderby  Land). 
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Fig.  47.  The  Gleaming-tailed  Sea  Dragon.  Idiacanthus  fasciola  Peters.  Nearly 
adult  females  (length,  about  130  mm.)  and  adult  males.  Originally  intended  to  illustrate 
post-larvae  and  adults,  before  their  life  histories  were  understood.  (From  a painting  by 
Else  Bostelmann).  (. Frontispiece ). 
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INTRODUCTION 

§ For  detailed  data  of  nets,  locality,  dates,  etc.,  concerning  the 
capture  of  the  deep-sea  fish  treated  in  this  monograph,  refer  to 
Zoologica,  Vol.  XIII,  Nos.  1,  2 and  3,  and  for  physical  data, 
methods  of  measurement  and  definitions  of  growth  stages  see  Zoo- 
logica, Vol.  XVI,  No.  1. 

* Contribution,  New  York  Zoological  Society,  Department  of  Tropical  Research,  No.  437. 
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§ All  the  material  under  consideration  was  taken  in  the  course 
of  thirteen  hundred  and  fifty  nets,  drawn  in  one  locality,  an  eight- 
mile  circle,  with  its  center  at  32°  12'  North  Latitude  and  64°  36' 
West  Longitude,  nine  and  a quarter  miles  south-southeast  of  Non- 
such Island,  Bermuda.  Vertically  this  is  an  imaginary  cylinder, 
considered  as  extending  from  the  surface  to  the  bottom  of  the  sea, 
an  extreme  range  of  fifteen  hundred  fathoms. 

§ Exact  depth  levels  of  the  nets  are  confirmed  by  the  use  of  a 
reliable  deep-sea  pressure  gauge  (Bull.  N.  Y.  Zool.  Soc.,  Vol.  XXXIII, 
No.  6,  p.  244).  As  before,  six  metre-nets  are  used,  strung  at  exact 
intervals  along  two  miles  of  wire,  drawn  at  an  angle  of  thirty  de- 
grees, at  the  rate  of  two  knots  an  hour. 

§ In  the  preparation  of  this  paper  I have  had  the  cooperation 
of  my  whole  staff,  Mr.  Tee-Van  in  the  original  supervision  of  the 
capture  of  the  deep-sea  fish,  Miss  Hollister  in  the  production  of  the 
cleared  and  stained  preparations  and  the  study  and  description  of 
the  tail  fin  and  caudal  region,  and  Miss  Crane  in  the  elaboration  of 
the  host  of  data.  The  drawings  are  the  painstaking  work  of  Mr. 
Edward  Delano.  Except  where  otherwise  indicated  in  the  captions, 
all  were  made  from  Bermuda  specimens  of  Idiacanthus  fasciola. 


SUMMARY  OF  IMPORTANT  POINTS 

§ Rearrangement  of  Taxonomic  Relationships:  Most  of  the 
fish  hitherto  classified  under  the  genus  Stylopthalmus  in  the  family 
Stylophthalmidae  have  proved  to  be  the  larvae  of  Idiacanthus  of  the 
family  Idiacanthidae. 

§ Stalked  Eyes  in  Young.  This  character  is  not  uncommon 
among  invertebrates  (shrimps,  crabs,  squids,  gastropods)  and  is 
occasionally  found  in  other  groups  of  fish  such  as  Bathylagus.  In 
the  present  larvae  it  is  carried  to  an  extreme  and  is  only  analogous 
to  the  other  stalk-eyed  species,  the  origin  of  the  cartilage  being 
quite  different.  The  character  is  a very  specialized  one,  correlated 
with  many  primitive  conditions  of  teeth  and  skeleton. 

The  change  into  sessile-eyed  post-larvae  is  by  absorption  of  the 
optic  nerve,  and  the  drawing  down  and  coiling  up  of  the  cartilage 
stalk,  followed  by  its  inclusion  into  the  anterior  part  of  the  eye- 
socket,  its  complete  covering  with  epithelium  and  final  absorption. 
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§ Sexual  Dimorphism.  The  adult  males  are  larvoid,  having 
the  following  characteristics:  one  sixth  as  large  as  adult  females, 
paler,  post-larval  in  proportions  of  body,  head,  eye  and  snout; 
lacking  teeth,  pelvic  fin  and  barbel;  having  long  caudal  fin;  bones 
slightly  or  not  at  all  ossified,  of  simple,  larvoid  shapes  and  relative 
positions;  digestive  apparatus  useless  and  atrophied  subsequent  to 
post-larval  stage;  testicles  precocious  in  development,  commencing 
to  swell  during  post-larval  period ; an  apparently  intromittent  organ 
present,  supported  by  the  specialized  first  five  rays  of  the  anal  fin. 
The  only  highly  specialized,  non-juvenile  organ  is  the  huge  post- 
orbital light,  the  corresponding  structure  in  the  female  being  minute. 

§ Specialized  Feeding  Adaptations  of  Adult  Female.  An 
unossified  first  vertebra  permits  considerable  upward  thrust  of  the 
upper  jaw  and  entire  skull,  and  long,  elastic,  ligamentous  connec- 
tions between  the  four  ceratobranchials  and  epibranchials  allow 
very  great  distension  of  the  entire  throat. 

Early  powers  of  prehension  are  insured  by  the  precocious  basi- 
branchial  fangs,  which  develop  before  the  permanent  jaw  teeth. 

§ Ecology.  The  breeding  season  of  Idiacanthus  fasciola  is  in 
the  late  summer.  The  larvae  swim  in  schools  at  relatively  shallow 
depths  (ca.  100  fathoms),  while  subsequent  stages  are  not  trawled 
above  500  fathoms.  One  adult  seen  at  200  fathoms  from  Bathy- 
sphere. 

Throughout  development,  local  tissue  activity  is  invariably 
indicated  by  the  presence  of  an  unusual  amount  of  pigmentation, 
concentrated  temporarily  at  the  exact  area. 

§ Conjectures  and  Unsolved  Problems.  The  adult  males 
may  be  said  to  be  parasitic,  judged  by  their  great  numerical  abun- 
dance, small  size  and  larvoid  characters.  Their  weak  swimming 
powers  and  huge  cheek  lights  would  indicate  that  they  are  of  the 
nature  of  passive  reflectors,  with  the  females  doing  the  seeking, 
conditions  reversing  those  existing  between  the  sexes  of  fireflies. 

The  occlusion  of  the  digestive  trace  necessitates  some  other 
form  of  nourishment,  such  as  absorption  of  the  liver,  and  narrows 
the  period  for  the  possible  finding  of  a mate.  The  external  generative 
organ,  which  I have  tentatively  called  intromittent,  is  so  closely 
attached  to  the  anal  fin  by  membrane,  that  actual  insertion  into  the 
body  of  the  female  appears  difficult,  even  disregarding  the  fact  of  the 
oviparity  of  the  species.  But  I cannot  account  otherwise  for  the 
presence  of  such  an  elaborate  and  large-sized  organ. 
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Suborder  STOMIATOIDEA 

Oceanic  Isospondyls  differing  from  the  Clupeoids  in  the  presence 
of  photophores.  Soft-rayed  fishes  with  pectoral  fins  placed  low, 
pelvics  abdominal,  mouth  terminal,  laterally  cleft;  maxillary  en- 
tering gape  and  toothed;  gill  openings  wide. 

Family  Idiacanthidae 

Idiacanthidae  Gill  (Goode  and  Bean  1895) 

Stylophthalmidae  ( partim ) Jordan  1923 

Stomiatoid  fishes  closely  related  to  the  Melanostomiatidae,  but 
differing  in  the  following  particulars:  form  very  elongate;  dorsal  and 
anal  fins  long  and  low,  the  dorsal  originating  well  in  front  of  the 
middle  of  the  body,  the  anal  about  three-fifths  as  long,  both  fins 
extending  almost  to  caudal  base;  a pair  of  protruding  lateral  spines 
at  the  base  of  each  dorsal  and  anal  ray;  unique  luminous  organs  at 
base  of  caudal  fin;  sexual  dimorphism  extreme,  the  mature  males 
being  less  than  one-sixth  as  large  as  breeding  females,  and  larvoid  or 
post-larvoid  in  almost  all  characters  except  those  of  the  reproductory 
system;  larvae  with  stalked  eyes.  In  common  with  the  Melanosto- 
miatids  the  Idiacanthids  have  the  following  characters:  scales  ab- 
sent; teeth  highly  developed  (but  in  female  only);  caudal  fin  very 
short  (female  only),  forked,  the  ventral  lobe  the  longer;  postorbital 
organ  present;  barbel  present  (female  only);  serial  photophores 
without  lumen  or  duct,  present  as  usual  upon  branchiostegal  mem- 
brane and  in  a lateral  and  ventral  series  on  each  side;  premaxillaries 
with  pointed  process  anteriorly  extending  upwards  and  backwards 
over  mesethmoids;  one  supplemental  maxillary;  parietals  absent; 
gill-rakers  absent;  long,  black  caecal  stomach  present  (female  only) 
connected  anteriorly  by  a short  arm  with  the  straight  intestine;  two 
pyloric  caeca;  membrane  present  connecting  lower  jaw  with  hyoid 
arch.  As  in  some  Melanostomiatids,  pectorals  absent,  except  in 
young,  and  gill  arches  toothless.  No  adipose  fin. 

Oceanic  and  deep-sea  fish  of  cosmopolitan  distribution. 

Only  one  genus  is  known,  containing  about  five  species. 

The  Bermuda  Oceanographic  Expeditions  captured  129  speci- 
mens, all  belonging  to  a single  species,  Idiacanthus  fasciola,  including 
specimens  hitherto  referred  to  the  family  Stylopthalmidae.  In  the 
order  of  abundance  of  individuals  in  the  nets  this  fish  ranks  seventh 
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among  the  12  families  of  deep-sea  Isospondyls  represented  in  the 
collection  and  seventh  also  among  the  total  of  41  Isospondylous 
genera.  Hence  this  family  is  numerically  comparable  to  both  the 
Alepocephalidae  and  Bathylagidae  (see  Zoologica,  Vol.  XVI,  Nos. 
2 and  3),  but  far  less  abundant  than  most  of  the  remaining  families 
of  Stomiatoid  fishes,  notably  the  Gonostomids  and  Sternoptychids. 

Genus  Idiacanthus  Peters  1876 

Generic  Characters.  With  the  characteristics  of  the  family. 
Cleft  of  mouth  slightly  curved;  mandible  projecting;  premaxillary 
and  mandible  with  a single  series  of  depressible,  unequal,  bicuspid 
teeth,  some  of  which  are  elongate  fangs;  maxillary  with  one  or  two 
series  of  erect  and  a single  series  of  minute  oblique  teeth;  a single 
series  of  teeth  on  vomer,  several  teeth  on  each  palatine  and  two  pairs 
on  basibranchials;  pel  vies  present  in  female  only,  six-rayed,  situated 
in  advance  of  middle  of  body;  dorsal  54  to  74,  extending  over  posterior 
two-thirds  of  body  (i.  e.,  in  female  nearly  to  or  in  advance  of  pelvics) ; 
anal  34  to  49,  shorter  than  dorsal;  dorsal  and  anal  rays  wide-set 
except  posteriorly;  postorbital  organ  minute  in  female,  enormous  in 
male;  barbel  present  in  female  only,  1.3  to  2.5  times  length  of  head, 
and  of  almost  identical  structure  in  all  species:  stem  black;  bulb  half 
as  long  as  stem,  only  slightly  swollen,  tapering  distally  to  a point, 
lightly  pigmented;  proximally  the  bulb  has  a pair  of  lateral,  oblique, 
transparent  expansions;  distal  to  these  are  two  similar  flanges,  one 
anterior  and  the  other  posterior;  near  the  base  of  the  bulb  anteriorly 
is  a short,  tapering  filament  with  a pair  of  small  translucent  lobes 
proximally  and  several  minute  luminous  bodies  distally,  the  first 
being  largest. 

In  the  structure  of  the  head,  teeth  and  skull  Idiacanthus  closely 
resembles  the  genus  Melanostomias , while  the  curved  lower  jaw  is 
similar  to  that  of  Photonectes.  However,  until  it  is  proved  that 
striking  examples  of  sexual  dimorphism  and  highly  specialized  larval 
forms,  such  as  are  found  in  Idiacanthus,  occur  also  among  the  Melan- 
ostomiatidae  the  maintenance  of  a separate  family  is  amply  justified. 

Geographical  Distribution:  The  accompanying  map  (Fig. 
48)  shows  the  general  localities  where  specimens  of  Idiacanthus  have 
been  taken.  Five  species  are  probably  valid.  I.  fasciola  is  known 
from  the  North  Atlantic,  Indian,  and  far  western  Pacific  Oceans— 
a wide  range,  but  limited  to  the  temperate  and  tropical  parts  of  the 
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Fig.  48.  The  geographical  and  vertical  distribution  of  the  genus  Idiacanthus.  The  relative  number  of  specimens  of 
I.  fasciola  taken  at  different  depths  by  the  Bermuda  Oceanographic  Expeditions  is  shown  diagrammatically  at  the  left  of 
the  column  which  gives  the  vertical  range  of  the  genus. 
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northern  hemisphere  and  the  warmer  portions  of  the  southern. 
I.  niger,  distinguished  by  the  more  anterior  position  of  the  pelvics, 
is  confined  entirely  to  the  temperate  parts  of  the  southern  hemi- 
sphere. I.  panamensis , a species  notable  for  the  high  development 
of  its  luminous  tissue,  has  been  taken  only  in  the  Gulf  of  Panama. 
The  two  remaining  species,  I . anstrostomus  and  I.  atlanticus,  from 
off  California  and  from  the  southeastern  Atlantic,  respectively,  are 
known  only  from  single  specimens.  Of  special  interest  is  the  dubius 
specimen  taken  off  eastern  Australia,  as  this  locality  is  exactly 
between  the  ranges  of  I.  fasciola  and  I.  niger.  This  Australian  fish 
was  first  described  as  I.  aurora  by  Waite  in  1916,  subsequently 
(Regan,  1916)  tentatively  synonymized  with  I.  niger  and  most 
recently  (Regan  and  Trewavas  1930)  with  I.  fasciola. 

Brauer’s  records  of  Stylophthalmus  paradoxus  have  been  omitted 
from  the  map  because,  although  I diacanthus  is  undoubtedly  in- 
cluded among  his  specimens,  other  forms  are  also  present,  and  in  his 
remarks  on  their  geographical  distribution  he  does  not  list  separately 
the  individuals  taken  in  each  locality.  An  inspection  of  the  drawings 
and  descriptions  of  stylophthalmine  fish  recorded  by  various  other 
authors1  shows  that  not  one  of  their  specimens  can  be  Idiacanthus. 
Some  of  these  have  been  already  reidentified  as  the  young  of  Mycto- 
phids  (Sanzo,  1915,  p.  133;  1920,  p.  721),  of  Eustomias  (Regan  and 
Trewavas  1930,  p.  73),  and  of  Bathylagus  (Taaning  1931,  p.  272). 
Roule  and  Angel  (1930,  p.  55  ff.)  suggested  that  the  very  dissimilar, 
stylophthalmine  forms  in  their  collection  were  all  juvenile  and  even 
abnormal  Myctophids;  their  illustrations  show,  however,  that  young 
Argentinids  are  undoubtedly  represented  in  the  series  and  probably 
Stomiatoids  as  well,  and  there  seems  to  be  no  evidence  that  any  of 
these  specimens  are  monsters.  Reexamination  of  the  Hudson  Gorge 
specimens  referred  to  Stylophthalmus  paradoxus  (Beebe  1929,  p.  9) 
has  resulted  in  the  identification  of  the  larger  as  an  early  post- 
larval  Idiacanthus  fasciola.  The  systematic  position  of  the  smaller 
is  still  uncertain. 

Development:  The  figures  given  under  the  heading  “Post- 
larval  examples  of  Idiacanthus”  by  Regan  and  Trewavas  (1930,  pp. 
132-133)  include  both  adolescent  females  and  adolescent  and  adult 
males.  The  unequal  development  of  the  cheek  light  in  the  two 

JLo  Bianco  1903,  p.  167;  Ehrenbaum  1905-1909,  p.  360;  Holt  and  Byrne  1907,  p.  189; 
Mazzarelli  1912;  Murray  and  Hjort  1912,  p.  86,  746;  Weber  1913,  p.  16;  Regan  1916,  pp.  136- 
137;  Roule  and  Angel  1930,  pp.  50-56. 
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sexes  has  led  to  a number  of  hypotheses  such  as  that  of  Regan: 
“we  infer  that  the  early  post-larval  fish  live  not  far  below  the  sur- 
face, that  a little  later  they  migrate  to  greater  depths,  1000  metres  or 
more  below  the  surface,  that  the  temporary  increase  in  size  of  the 
eye  and  of  the  postocular  luminous  organ  is  an  adaptation  to  a life 
in  the  depths.  . . . The  young  fish  may  perhaps  ascend  to 

lesser  depths.” 

It  is  now  apparent  also  that  the  “nasal  tubes”  shown  in  the 
drawings  of  7.  panamensis  ( loc . cit.,  fig.  129A,  D)  are  the  damaged 
remains  of  larval  eye-stalks  of  a young  male  and  a young  female 
respectively;  as  in  a number  of  the  Bermuda  specimens,  the  stalks 
were  broken  off  or  their  ocular  ends  torn  loose  before  the  normal 
process  of  close  coiling  and  epithelial  covering  of  the  post-narial, 
preocular  socket  could  be  completed.  The  similarity  of  these  im- 
mature and  male  specimens  of  7.  panamensis  to  the  corresponding 
forms  of  7.  fasciola  establishes  without  question  the  general  occur- 
rence of  stalk-eyed  young  and  larvoid  males  throughout  the  genus. 

The  small  specimen  described  by  Weber  (1913,  p.  15)  is  also  a 
male. 

A detailed  account  of  the  development  of  these  fish  resulting 
from  the  study  of  the  Bermuda  specimens  commences  on  page  157. 

Idiacanthus  fasciola  Peters  1876 

Specimens  taken  by  the  Bermuda 
Oceanographic  Expeditions 

129  specimens;  April  to  October,  1929  to  1931;  100  to  1000 
fathoms;  from  a cylinder  of  water  8 miles  in  diameter  (5  to  13  miles 
south  of  Nonsuch  Island,  Bermuda),  the  center  of  which  is  at  32°  12' 
N.  Lat.,  64°  36'  W.  Long.;  Standard  lengths  from  16  to  270  mm. 

Specimens  Previously  Recorded 

About  350  specimens;  surface  to  2750  fathoms;  Atlantic,  Pa- 
cific and  Indian  Oceans;  10?  to  320  mm  (possibly  to  408  mm). 

Adult  Specific  Characters 

Idiacanthus  fasciola  is  distinguished  from  the  other  four  prob- 
ably valid  species  in  the  genus  by  the  following  combination  of 
characters,  found  only  in  the  adult  female:  pelvics  below  first  to 
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eighth  dorsal  ray,  their  distance  from  anal  more  than  one-half  their 
distance  from  snout;  15  to  18  photophores  from  pelvic  to  anal  origin. 
Color : (from  fresh  specimens).  Skin:  female,  brownish  black;  male, 
dark  brown.  Postorbital:  female,  pinkish  silver;  male  creamy  white. 
Barbel : (female  only)  stem  dark  brown,  bulb  pigmented  with  trans- 
lucent flanges  and  a pale  yellow  anterior  filament.  Serial  photo- 
phores: female,  scarlet  to  purple,  the  ventral  series  gold-capped; 
male,  violet.  Caudal  organs:  female,  golden  yellow;  male,  creamy 
yellow.  Proportions:  Depth  in  length:  female,  19  to  27;  male,  18 
to  22;  head  in  length:  female,  15  to  18;  male  8.5  to  10.5;  eye  in  head: 
female,  5 to  7;  male,  3 to  4;  origin  of  anal  to  caudal  base  in  length  of 
fish:  female,  2.5  to  3;  in  male,  3.6  to  4.1;  postorbital  in  head:  female, 
40  to  50;  male  2 to  3;  barbel:  (female  only)  2 to  2.5  times  length  of 
head,  the  anterior  filament  with  a prominent  swelling.  Finray 
Counts:  Pectoral  0;  pelvic  (female  only)  6;  dorsal  54  to  74;  anal  38 
to  49.  Serial  Photophores:  Female:  lateral  series,  O-V  21  to  25, 
V-A  30  to  36;  ventral  series,  I-V  33  to  36,  V-A  30  to  36  (15  to  18 
to  anal  origin);  A-C  14  to  18.  Male:  lateral  series,  O-A  48  to  55; 
ventral  series,  I-A  58  to  65  (54  to  59  before  anal  origin),  A-C  16  to 
20.  Miscellaneous  Luminous  Organs:  Female:  Bases  of  teeth  filled 
with  luminous  matter;  a very  small,  white,  luminous  patch  below 
postorbital  organ;  three  longitudinal  series  of  similar  patches  along 
body,  dying  out  caudally;  a moderate  amount  of  granular  luminous 
material  on  unpaired  fins;  a small  mass  of  yellow  tissue  on  the  dorsal 
surface  of  the  caudal  peduncle  extending  out  onto  the  raylets;  a 
similar,  but  larger  body,  with  a small  one  distal  to  it,  in  the  ventral 
lobe  of  the  caudal  fin;  first  pelvic  ray  with  small,  round  photophore- 
like  patches.  Male:  Luminous  matter  within  jaw  bones;  abundant 
luminous  granular  material  on  unpaired  fins;  caudal  organs  similar 
to  female's,  but  relatively  smaller,  paler,  the  more  distal  organ  in  the 
ventral  caudal  lobe  rudimentary  or  absent. 

Development 

The  129  specimens  of  Idiacanthus  fasciola  in  the  Bermuda  col- 
lection represent  all  stages  of  development  from  young  larvae  of  16 
mm  to  mature  females  and  males  measuring  up  to  270  mm  and  44 
mm  in  length  respectively.  The  following  table  shows  the  relation 
of  these  growth  stages  to  standard  length,  sex  and  numerical  abun- 
dance: 
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Sex 


Larvae:  16-28  mm 

Unknown 

13 

Females 

Males 

Total 

13 

Post-larvae:  36-50  mm 

— 

9 

10 

19 

Adolescents  j 

[Females:  43-161  mm  ] 

20 

17 

37 

Adults  | 

1 Males:  28-40  mm  I 

Females:  190-270  mm  1 

4 

56 

60 

Total 

Males:  32-44  mm  J 

13 

33 

83 

129 

In  a word,  the  immature  specimens  are  almost  evenly  divided 
between  the  sexes,  but  the  adult  males  are  14  times  more  numerous 
than  the  adult  females  and  less  than  one-sixth  as  long.  When  all  of 
the  specimens  in  which  sex  can  be  determined  are  counted,  the  ratio 
of  males  to  females  is  2%  to  1.  Adult  males  form  over  two-fifths  of 
the  entire  collection. 

In  development  Idiacanthus  is  typically  Stomiatoid  except  for 
the  stalked  eyes  of  the  larvae  and  the  degenerate,  post-larvoid  form 
of  the  males.  The  latter  throughout  life  lack  teeth,  pelvic  fins  and 
barbel,  but  develop  enormous  postorbital  light  organs  and  are 
sexually  highly  precocious,  to  mention  only  the  most  obvious  of 
their  peculiarities.  Therefore  the  criteria  ordinarily  used  in  referring 
young  Stomiatoids  to  particular  growth  stages,  although  perfectly 
applicable  to  the  female,  are  of  little  value  in  the  case  of  the  male. 
Nevertheless  there  is  a complete  series  composed  of  several  well  de- 
fined stages  which  are  as  logically  the  post-larval,  adolescent  and 
transitional  forms  of  the  male  as  are  corresponding  degrees  of  de- 
velopment in  the  female.  As  far  as  appearances  are  concerned 
(omitting  sexual  characters  which  make  even  adult  males  resemble 
post-larvae  in  many  respects),  the  growth  stages  of  the  two  sexes 
are  correlated  as  follows: 

Female  Male 

Larvae 

(sex  indeterminable) 

Post-larvae  = Post-larvae 

Transitional  Post-larvae  = Adolescents 

Adolescents  = Transitional  Adolescents 

— Adults 

Transitional  Adolescents  — 

Adults  — - 
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In  the  following  summary  of  the  characteristics  of  the  growth 
stages,  both  the  Stomiatoid  affinities  of  the  fish  and  the  specializa- 
tions mentioned  above  are  apparent:  The  larva  is  characterized  by 
a pendulous  gut  with  protruding  end,  a slender  body,  large  head, 
large  eyes  at  the  end  of  long  stalks,  long  flat  snout,  small  mouth, 
larval  denticles,  rudimentary  fins  with  strong  pectoral  pad,  and  a 
lack  both  of  general  body  pigment  and  of  light  organs;  this  is  a 
period  of  growth. 

In  the  post-larva  the  eye-stalks  are  gradually  absorbed  while 
fins  and  light  organs  are  forming,  the  head,  eye  and  snout  reduced  and 
the  gape  enlarged.  Sex  is  now  determinable  as  the  barbel  and  pelvics 
of  the  female  are  distinguishable  while  the  postorbital  organs  of  the 
male  are  already  enlarged  and  the  gonads  slightly  swollen.  There 
is  however,  no  appreciable  difference  in  size  between  post-larvae  of 
corresponding  stages  but  different  sexes.  These  young  fish  are  long 
compared  with  the  majority  of  Stomiatoids,  unmetamorphosed 
I diacanthus  post-larvae  reaching  a length  of  50  mm.  There  seems  to 
be  little  or  no  growth  during  this  stage.  Shrinkage,  accompanied  by 
increased  depth,  takes  place  in  both  sexes  during  the  later  post-larval 
and  early  adolescent  periods,  slight  in  the  case  of  the  female  (7  mm 
or  less),  great  in  that  of  the  male  (possibly  up  to  20  mm). 

During  adolescence  in  both  sexes  all  traces  of  eye-stalks  and 
pectoral  fins  vanish,  pigment  appears  and  the  gape  increases  enor- 
mously (though  to  a greater  extent  in  the  female  than  in  the  male), 
but  here  the  parallelism  ceases.  The  female,  exactly  as  in  related 
forms,  slowly  develops  teeth,  barbel,  bone  and  stomach;  the  skin 
blackens;  head,  eye  and  snout  become  further  reduced  and  the 
postorbital  organ  minute;  and  a long  transitional  adolescence  of 
actual  growth  is  passed  through  before  the  gonads  become  at  all 
enlarged  and  sexual  maturity  attained.  In  contrast,  the  male 
passes  quickly  through  adolescence  to  adult-hood,  always  a stage 
ahead  of  the  female,  having  few  changes  to  make  in  its  organization. 
The  postorbital  organ  becomes  enormous,  the  gonads  swell  to  great 
proportions,  and  an  external  copulatory  organ  is  formed,  supported 
by  the  specialized  first  rays  of  the  anal  fin— these  are  the  only  posi- 
tive^ developments  made  subsequent  to  metamorphosis.  The  other 
characters  are  static  or  degenerate,  as  the  skin  remains  relatively 
light,  the  head  and  eye  large,  the  snout  long,  the  mouth  edentulous, 
pelvic  fins  and  barbel  absent  and  the  skeleton  almost  or  entirely 
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Fig.  49.  Growth  stages  of  female:  A and  B,  sexually  indeterminable  larvae,  16  mm. 
and  25  mm.,  respectively;  C,  female  post-larva,  45  mm;  D,  female  transitional  post-larva, 
48  mm;  E,  female  adolescent,  45  mm;  F,  female  adult,  267  mm.  The  relative  size  of  the 
specimens  is  indicated  by  the  straight  lines. 

cartilaginous,  while  the  digestive  system  atrophies  and  becomes 
completely  useless.  As  is  to  be  expected,  there  is  no  increase  in 
length. 

Detailed  descriptions  of  each  growth  stage  are  given  below. 
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Fig.  50.  Growth  stages  of  male:  A and  B,  sexually  indeterminable  larvae,  16  mm  and 
25  mm,  respectively;  C,  male  post-larva,  40  mm;  D,  male  adolescent,  35  mm;  E,  male  tran- 
sitional adolescent,  35  mm;  F,  male  adult,  38  mm.  The  relative  size  of  the  specimens  is 
indicated  by  the  straight  lines.  For  ease  in  comparison  the  larvae  of  Fig.  49  (A  and  B) 
are  reproduced  in  this  figure  also. 


Eggs:  The  single  breeding  female  (standard  length  267  mm)  of 
the  collection  contained  a total  of  about  14,000  fully  developed  eggs. 
The  transparent,  minutely  dimpled,  egg  membranes  measure  be- 
tween .5  and  .6  mm  in  diameter,  the  yolks  between  .4  and  .45  mm. 
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In  the  majority  of  eggs  one  large  and  from  two  to  eight  small  oil 
globules  are  clearly  visible.  Undeveloped,  very  minute  eggs  are 
present  in  small  numbers  between  the  fully  developed  ones,  but 
there  are  no  intermediate  sizes.  The  eggs  in  the  anterior  part  of 
each  ovary  are  full  size,  but  much  paler  in  color  (white,  whereas  the 
rest  have  deep  yellow  yolks  in  preservative)  and  almost  opaque,  with 
no  distinction  between  yolk  and  outer  membrane  and  no  sign  of  oil 
globules. 

In  the  other  three  mature  females  (190  to  270  mm)  the  eggs 
are  graduated  in  size,  instead  of  being  of  two  sizes  only,  and  the 
largest  are  only  one-third  to  one-half  as  big  as  in  the  breeding 


Fig.  51.  Stalk-eyed  larva  and  post-larva.  (From  a painting  by  Else  Bostelmann). 
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Fig.  52.  Stalk-eyed  larva  photographed  beside  young  deep-sea  shrimp  ( Sergestes  sp.), 
showing  the  presence  of  stalked  eyes  in  wholly  unrelated  phyla. 
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specimens  (.2  to  .3  mm  in  diameter).  Similarly,  the  ovaries  are  only 
one-fourth  to  one-third  as  broad  and  are  very  flat. 

Among  the  transitional  adolescent  females  (48  to  161  mm)  the 
largest  eggs  of  each  measure  from  less  than  .01  mm  to  .06  mm  in 
diameter,  while  the  ovaries  are  slender  ribbons,  .6  mm  broad  in  the 
longest  specimen,  mere  strings  in  the  small  examples,  and  all  divided 
from  their  mates  on  the  opposite  side  of  the  dorsal  mid-line  by  a 
considerable  space.  In  all  except  the  largest  specimens — that  is,  in 
all  fish  125  mm  long  or  less — the  eggs  are  individually  very  feebly 
developed,  translucent  and  jelly-like. 

Eggs  of  adolescent  fish  are  individually  indiscernible. 

Larva:  The  13  larvae,  measuring  from  16  to  28  mm  in  standard 
length,  differ  little  from  one  another  in  appearance  and  proportions. 
The  one  great  difference  is  in  the  size  of  the  liver,  which  is  relatively 
about  three  times  as  large  in  the  largest  specimens  as  in  the  smallest. 
On  the  other  hand,  the  eye-stalks  are  almost  as  long  in  actual 
measurement  in  the  shortest  larvae  as  in  the  longest,  so  that  in  this 
character  there  is  a relative  reduction  in  stalk  length,  although 
throughout  the  stage  the  eye-balls  remain  firmly  fixed  at  the  extreme 
tips  of  the  stalks.  I agree  with  Taaning’s  suggestion  (1932,  p.  272) 
that  Brauer’s  youngest,  short-stalked  specimens  were  probably 
young  Bathylagus,  as  very  similar  Bermuda  specimens  proved  to 
belong  to  this  genus. 

Larval  Trawling  Data : The  description  given  below  is  verified 
and  supplemented  as  usual  by  study  of  all  of  the  larvae  in  the  collec- 
tion, both  uncleared  and  cleared,  but  the  actual  measurements  are 
taken  from  the  following  specimen:  Department  of  Tropical  Re- 
search No.  23,545a;  Bermuda  Oceanographic  Expeditions  of  the  New 
York  Zoological  Society;  Net  1308;  September  16,  1931;  7 miles 
south  of  Nonsuch  Island,  Bermuda;  100  fathoms;  Standard  length 
16  mm. 

Larval  Measurements  and  Counts:  Standard  length  16  mm; 
depth  .43  (in  length  37.2) ; head  3 (in  length  5.3) ; eye  diameter,  hori- 
zontal, .2  (in  head  15,  in  length  80);  eye  diameter,  vertical,  .54  (in 
head  5.6);  base  of  stalk  to  tip  of  lens  6 (in  length  2.7);  snout  1.4  (in 
head  2.1,  in  length  11.4);  maxillary  .8  (in  head  3.7,  in  length  20) 
dorsal  origin  to  caudal  base  1.9  (in  length  8.4);  dorsal  rays  24;  anal 
ray  bases  10;  projecting,  terminal  portion  of  gut  1.4. 

Larval  External  Characters:  (Figs.  49A,  B;  50A,  B;  51;  52;  53A, 
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A').  There  are  about  64  mid-lateral  blotches  from  the  gill-slit 
almost  to  the  caudal  base,  one  in  the  middle  of  each  myomere.  In 
addition,  6 much  smaller  spots  are  found  along  the  mid-line  of  the 
isthmus.  The  rest  of  the  larva  is  entirely  unpigmented  and  almost 
transparent,  especially  in  the  cephalic  region. 

In  general  form  this  young  fish  is  even  more  elongate  than  the 
adult,  and  of  a nearly  constant  calibre  as  far  back  as  the  dorsal 
origin.  From  here  the  body  tapers  abruptly  to  its  pointed  tip,  the 
caudal  peduncle  being  exceedingly  short.  The  head  is  large,  some- 
what under  a fifth  of  the  standard  length,  and  much  flattened.  The 
snout  is  broad,  fully  half  the  length  of  the  head,  and  perfectly  hori- 
zontal. The  jaws  are  typical  of  Stomiatoid  larvae,  the  premaxillary 
a minute  sliver  of  cartilage,  the  maxillary  reaching  halfway  to  the 
base  of  the  eye-stalk,  at  about  the  same  vertical  as  the  prominent 
mandibular  angle.  The  nostrils  are  located  far  forward,  close  behind 
the  premaxillary  but  well  separated  from  each  other  by  the  meseth- 
moid  cartilage. 

The  structure  of  the  eyes  and  stalks  agrees  well  with  Brauer’s 
description  of  the  long-stalked  stage  of  Stylophthalmus  (1908,  p.  179 
ff.).  The  principal  elements  of  the  stalk  are  cartilaginous  rod  and 
the  optic  nerve.  The  first  is  an  outgrowth  of  the  cartilage  of  both 
the  future  frontal  bone  and  of  the  parasphenoid,  and  runs  the  full 
length  of  the  stalk  on  its  anterior  side,  disappearing  into  the  outer 
membranes  of  the  eye-ball.  The  second  element,  the  optic  nerve, 
arises  from  the  forebrain  and  runs  along  the  posterior  side  of  the 
stalk.  Both  cartilage  and  nerve,  as  well  as  the  various  small  muscles, 
tactile  nerves  and  blood  vessels,  are  enclosed  in  a common,  trans- 
parent sheath  which  extends  completely  around  the  eye  itself,  pro- 
tecting the  lens  just  as  in  older  fish.  The  eye-ball  is  located  at  the 
extreme  tip  of  the  stalk,  the  major  portion  of  the  round  lens  pro- 
jecting beyond  the  shallow,  elliptical,  thick-lipped  saucer  of  the 
eye-ball  proper. 

Both  jaws  contain  fine  denticles  of  a typically  larval  Stomiatoid 
character:  these  are  directed  straight  outwards  in  the  premaxillary 
and  mandible,  and  downwards  in  the  maxillary.  The  numbers  are 
as  follows:  premaxillary  7;  maxillary  13,  increasing  slightly  in  size 
posteriorly  and  with  larger  spaces  between  them;  mandible  7,  sim- 
ilarly increasing  in  size,  but  present  in  the  anterior  part  of  that  jaw 
only. 
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The  gill  slits  are  wide  open,  with  no  trace  of  operculum. 

The  pectoral  fins  are  relatively  very  large,  the  great  fleshy  pads 
resting  on  sturdy  columns  and  fringed  deeply  with  raylets.  The 
following  measurements  were  taken:  maximum  length  of  fin,  from 
origin  of  base  to  tip  of  raylets,  .7  mm;  maximum  expanse  of  base 
.43  mm.  There  is  no  trace  of  pelvics.  The  dorsal  is  far  back,  occu- 
pying only  the  posterior  six  per  cent  of  the  body,  the  rays  short, 
close-set,  with  prominent  bases.  The  anal  is  rudimentary,  located 
behind  the  end  of  the  dorsal,  with  no  true  rays  apparent,  although 
the  bases  of  about  ten  are  distinguishable.  These  arise  toward  the 
middle  of  the  low  finfold  which  runs  from  the  exit  of  the  intestine  to 
the  caudal  fin.  The  latter  has  no  true  rays,  is  pointed,  and  extends 
little  beyond  the  urostyle,  with  the  ventral  portion  more  developed 
than  the  dorsal. 

There  are  both  dorsal  and  ventral  finfolds  along  the  profiles 
from  nape  to  caudal.  These  are  deepest  dorsally  behind  mid-body 
where  the  fold  considerably  exceeds  the  maximum  body  depth.  The 
entire  ventral  finfold,  however,  is  very  shallow. 

Larval  Osteology:  The  skeleton  is  completely  unossified.  In  the 
fresh  and  preserved  specimens  the  head  is  so  transparent  that  de- 
tails of  the  cartilaginous  elements  can  be  studied  more  easily  than 
in  artificially  cleared  examples. 

Larval  skull:  (Fig.  58).  The  top  of  the  skull  forms  roughly  an 
elongate  rectangle  with  the  eye-stalks  arising  about  half-way  be- 
tween the  snout  and  the  posterior  end  of  the  supraoccipital.  The 
cartilaginous  areas,  while  very  distinct,  are  exceedingly  homogeneous 
as  regards  division  into  future  elements.  At  the  anterior  end  of  the 
upper  jaw  the  mesethmoids,  in  some  individuals,  are  set  off  by 
extremely  faint  lines  of  demarcation.  Behind  them  the  frontals  join 
down  the  center  but  show  in  that  region  a narrow,  clear  area  between 
very  low  ridges.  Posteriorly,  in  older  larvae,  they  can  be  traced 
over  about  half  of  the  outer  lobe  of  the  brain.  The  width  of  the 
skull  from  eye-stalk  forward  is  doubled  by  rigid  lateral  membrane. 
The  supraoccipital  is  very  large,  covering  the  entire  brain  and  mid- 
way of  its  length  expanding  into  large,  rounded,  lateral  wings. 
Outside  the  widest  of  these  expansions  we  find  the  rather  indefinite 
sphenotic  characterized  even  at  this  stage  by  a lateral  projection. 
Posterior  to  this  is  the  pterotic,  which  curves  decidedly  inward 
toward  the  mid-line.  The  elongate,  oval  epiotic  follows,  projecting 
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Fig.  53.  Heads  of  stalk-eyed  young.  A,  larva,  standard  length  16  mm,  dorsal  view;  A',  same, 
lateral  view;  B,  early  post-larval  male,  45  mm,  dorsal  view;  B',  same,  lateral  view.  The  cartilaginous 
supports  of  the  stalks  are  blackened.  ( X 13). 
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Fig.  54.  Heads  of  young  females.  A,  post-larva,  standard  length  45  mm,  dorsal  view; 
A',  same,  lateral  view;  B,  transitional  post-larva,  48  mm,  dorsal  view;  B\  same,  lateral  view; 
C,  adolescent,  43  mm,  dorsal  view;  C',  same,  lateral  view.  (X  13). 


1934]  Beebe:  Deep-Sea  Fishes  of  the  Bermuda  Expeditions 


169 


lateral  vipw*  a S i®  y,°™g  male"-  A>  post-larvra,  standard  length  40  mm,  dorsal  view;  A',  same, 
^ ' 35  mm  dorsal  view;  B',  same,  lateral  view;  C,  transitional  adolescent,  35 

behind  nostril  ( X \sT*'  ™W  ' ’ ^ ^ °f  sMn  Ufted  to  expose  ^-stalk  coiled 


170 


Zoologica:  N.  Y.  Zoological  Society 


[XVI;  4 


Fig.  56.  Head  of  female  transitional  adolescent,  standard  length  75  mm.  A,  dorsal 
view;  B,  lateral  view.  ( X 13). 


backwards  well  beyond  the  supraoccipital.  In  the  roof  of  the  mouth 
the  parasphenoid  appears  to  be  represented  by  a low  median  ridge 
which  posteriorly  expands  and  forms  the  base  of  the  brain. 

At  about  the  middle  of  the  length  of  the  skull  the  frontals 
above  and  the  parasphenoid  below  unite  into  large,  solid,  lateral  pro- 
jections which  support  the  main  rods  of  the  long  eye-stalks  already 
described.  The  elements  of  the  projections  are  flattened  along  their 
extended  base,  but  almost  immediately  contract  at  each  side  into 
a cylindrical  rod.  Just  beyond  the  limits  of  the  skull  the  actual 
cartilage  of  the  rod  gives  place  to  a striated  tissue,  apparently 
muscular,  but  after  a very  short  distance  cartilage  reappears  and 
continues  unbroken  throughout  the  eye-stalk.  This  short,  altered 
area  doubtless  affords  the  requisite  pliability,  allowing  the  strong, 
basal  muscles  to  draw  the  eye-stalks  forward  and  back.  A second, 
smaller,  cartilaginous  rod  arises  near  the  meeting  of  the  parasphenoid 
and  the  anterior  end  of  the  supraoccipital  and  enters  the  stalk  just 
posterior  to  the  larger  anterior  rod. 

Larval  palate-pterygoid  arcade:  (Fig.  59).  Even  in  detailed 
delineation  the  lateral  view  of  the  head  presents  an  appearance  of 
diagrammatic  simplicity,  the  bones  of  the  head  and  the  branchial 
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A 

Fig.  57.  Head  of  adult  male,  standard  length  38  mm.  A',  dorsal  view;  B,  lateral  view. 
(X  13). 

arches  being  almost  all  of  simple,  rod-like,  elongate  character.  The 
hyomandibular  shows  at  its  upper  end  a knob-like  articulation  with 
the  pterotic.  From  here  it  extends  forward,  narrowing  rapidly 
while  at  the  same  time  its  superior  width  is  maintained  by  the  ap- 
pearance and  increasing  width  of  the  quadrate.  Directly  above  the 
quadrate  and  parallel  with  it  is  the  long,  narrow  pterygoid.  Its 
posterior  end  disappears  in  the  surrounding  tissue  while  anteriorly 
it  is  loosely  connected  with  the  palatine. 

Larval  jaw  apparatus:  (Figs.  59,  60).  The  primary  upper  jaw 
consists  of  a short  premaxillary  lacking  the  dorsal  prolongation 
found  in  the  adult  and  attached  to  the  extremely  long,  straight  max- 
illary which  widens  gradually  toward  its  proximal  articulation.  The 
supramaxillary  is  distinct  and  contained  within  the  even  curve  of 
its  outline.  The  lower  jaw  shows  a slight  upward  curve  in  its  distal 
third  and  widens  considerably  at  its  attachment  to  the  quadrate, 
showing  a deep  bay  for  articulation  with  the  head  of  the  latter  bone. 

Larval  opercular  bones:  (Fig.  59).  The  only  hint  of  the  opercular 
apparatus  is  a slender,  needle-like,  cartilaginous  bar  extending  close 
beneath  the  hyomandibular  and  dying  out  about  half  way  down  the 
quadrate. 

Larval  hyoid  apparatus:  (Fig.  59).  The  glossohyal  is  relatively 
large,  broadly  shield-shaped  as  seen  from  above,  deeply  incised  on 
its  anterior  profile  and  about  one-third  as  long  as  the  entire  lower  jaw. 
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Fig.  59.  Cartilaginous  elements  of  larval  head,  lateral  view.  The  basibranchials  have  been  pulled  down  to  bring  into  view  the 
hyoid  and  branchial  apparatus.  Normally  the  entire  head  is  greatly  flattened  dorso-ventrally.  ( X 40). 
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Directly  behind  it  is  a small,  roughly  square  urohyal.  The  basihyal 
is  about  the  same  size  and  shape  as  the  urohyal,  and  is  succeeded  by 
a long,  stout  ceratohyal  longer  than  the  entire  lower  jaw.  The 
superior  end  of  the  ceratohyal  is  curved  upward  and  while  it  doubt- 
less contains  the  elements  of  the  epihyal  and  interhyal,  the  latter 
are  as  yet  undifferentiated  from  the  substance  of  the  cartilage. 

Larval  branchial  apparatus:  (Fig.  59).  Four  basibranchials  are 
sharply  demarcated,  the  fourth  one  twice  as  long  as  the  others  and 
giving  rise  to  the  third,  fourth  and  fifth  branchial  arches.  The 
first,  second,  third  and  fourth  arches  are  very  similar  in  general 
appearance,  and  the  first  and  second  hypobranchials  identical  in 
size  and  shape.  The  third  hypobranchial,  while  of  the  same  size  as 
the  others,  is  already  somewhat  differentiated,  exactly  as  in  adult 
fish:  Instead  of  being  attached  to  the  ceratobranchial  by  one  end,  a 
rounded,  sunken  articulation  with  that  bone  is  shown.  The  fourth 
and  fifth  ceratobranchials  lack  the  basal  element,  the  fifth  being 
less  than  one-half  as  long  as  the  fourth  and  shows  no  further  ele- 
ments at  its  superior  end.  The  first,  second,  third  and  fourth 
epibranchials  are  visible  only  as  short  bits  of  cartilage  which  soon  die 
out  in  the  surrounding  tissue.  There  is  no  trace  whatever  of  pharyn- 
geals. 

Viewed  as  a whole  the  lateral  aspect  of  the  head  of  the  larva 
presents  a startlingly  apparent — although  purely  adventitious — 
indication  of  the  elements  of  ten  successive  arches:  the  true  jaws, 
the  palato-pterygoid,  the  quadrato-hyomandibular,  the  preopercular, 
the  hyoid,  and  the  five  true  branchial  arches.  This  false  appearance 
is  brought  about  by  the  close  similarity  in  shape,  size  and  angle  of  the 
ten  structures  and  is  of  course  completely  lost  during  the  develop- 
ment into  the  post-larval  stages. 

Larval  pectoral  and  pelvic  girdles:  The  elements  of  neither  of  the 
fin  girdles  are  distinguishable. 

Larval  vertebral  column:  (Fig.  61A,  a).  The  vertebrae  are  almost 
cylindrical  and  the  individual  centra  are  not  always  clearly  to  be 
distinguished  from  their  neighbors.  In  a larva  of  about  20  mm  in 
length  a vertebra  from  the  center  of  the  body  measured  .27  mm  in 
both  length  and  maximum  diameter.  There  is  a decided  decrease  in 
size  toward  the  base  of  the  caudal  fin.  No  appendages  are  discerni- 
ble. 

Larval  Digestive  System:  (Figs.  62A,  B;  63A,  B;  64A,  B;  65A,  B). 
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The  alimentary  canal  is  82  per  cent  as  long  as  the  fish.  Behind  the 
pectoral  or  cardiac  region  the  gut  is  but  partially  enclosed  in  the  body 
cavity,  the  ventral  half  supported  only  by  the  most  delicate  of  mem- 
branes and  forming  a bulge  along  the  abdominal  surface.  Beneath 
the  dorsal  fin,  the  gut  emerges  entirely,  swells  to  twice  its  anterior 
diameter,  and  for  the  posterior  one-tenth  of  its  length  is  completely 
external,  projecting  backwards  well  beyond  the  end  of  the  caudal 
fin.  This  exterior  part  is  closely  applied  to  the  ventral  portions  of 
the  body  and  caudal  fin.  It  is  attached  intimately  to  the  body 
behind  the  dorsal  by  a narrow  membranous  area,  and  again  posteri- 
orly to  the  base  of  the  caudal  fin.  Between  these  points  however  it 
is  free,  and  it  is  here  that  the  rudiments  of  the  anal  fin  are  appearing. 

The  oesophagus  is  1.4  mm  long  by  .06  mm  average  breadth  and 
extends  to  the  tenth  myomere.  The  anterior  third  lies  in  the  midst 
of  the  body,  above  the  heart,  but  behind  this  begins  the  pendulous 
portion  noted  above.  Its  middle  part  shows  a valvular  construction, 
composed  of  several  swellings  alternating  with  constrictions.  The 
rudimentary  liver,  which  is  a small  mass  of  granular  substance  .3 
mm  in  length,  curls  upward  close  against  the  posterior  fifth  of  the 
oesophagus,  from  the  eighth  to  the  ninth  myomeres.  At  the  tenth 
myomere  the  anlage  of  the  stomach  is  visible,  a minute  white  papilla 
about  as  broad  as  long  (.05  mm)  arising  from  the  left  side  of  the  gut. 
There  is  no  trace  of  caeca  in  the  short,  slightly  constricted  pyloric 
region  which,  to  the  right  of  the  stomach,  connects  the  oesophagus 
with  the  intestine.  From  the  small  swelling  at  the  anterior  tip  of 
the  intestine  a long  and  thread-like  bile  duct  (.85  mm)  joins  the  gut 
with  the  posterior  tip  of  the  gall  bladder.  The  latter  is  about  as  long 
as  the  liver  and  lies  far  in  front  of  it,  immediately  behind  the  heart. 
Connections  between  liver  and  bladder  are  not  found.  There  is  no 
trace  either  of  pancreas  or  spleen.  From  the  pyloric  region  the  gut, 
always  slightly  broader  than  the  oesophagus  and  increasing  in 
diameter  posteriorly  (from  .07  mm  in  the  middle  portion  to  .14  mm 
in  the  protruding  end)  extends  straight  backwards  until  it  leaves  the 
body  at  a broadly  obtuse  angle. 

Larval  Reproductive  System:  Neither  gonads  nor  external  geni- 
talia are  visible. 

Post-Larva:  During  the  post-larval  stage  the  optic  nerve  in 
the  eye-stalk,  with  its  accessory  nerve  and  muscle  fibers,  is  gradually 
absorbed,  pulling  with  it  the  eye-ball.  Under  the  strain  the  carti- 
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laginous  rod,  no  part  of  which  is  absorbed  at  this  time,  rips  out  from 
the  common  sheath  of  the  stalk  and,  still  firmly  attached  both  to 
the  base  of  the  eye-ball  and  to  the  frontal  cartilage,  bows  over  and 
gradually  coils  down  into  the  open  front  of  the  eye-socket,  well 
behind  the  nares.  Although  no  change  is  visible  from  gross  examina- 
tion, yet  the  cartilaginous  eye-stalk — stiff  and  resilient  when  func- 
tioning— must  undergo  some  internal  tissue  alteration  to  become 
pliable  enough  to  coil  down  and  into  its  final  grave  in  the  anterior 
part  of  the  cranial  eye-socket.  This  spiral  is  neither  covered  with 
epidermis  nor  absorbed,  until  adolescence.  In  the  youngest  of  the 
post-larvae,  a male,  the  optic  nerve  is  but  slightly  shrunken  and 
consequently  the  distal  end  alone  of  the  cartilage  is  affected,  bending 
backwards  at  a right  angle  (Fig.  53B,  B').  Partially  formed  serial 
organs  are  faintly  visible  in  this  specimen  and  the  masculine  post- 
larval  characters  (p.  159)  developed  in  proportion.  A somewhat 
older  male  is  described  in  the  pages  following:  The  female  treated 
immediately  below,  although  the  youngest  post-larva  of  that  sex  in 
the  collection,  is  still  older,  but  because  it  is  of  the  unspecialized  sex 
it  is  described  in  advance  of  the  male  of  the  corresponding  stage. 

Post-larval  Female  Trawling  Data:  All  of  the  characters  except 
those  of  the  skeleton  are  based  upon  the  following  specimen : Depart- 
ment of  Tropical  Research  No.  23,941;  Bermuda  Oceanographic 
Expeditions  of  the  New  York  Zoological  Society;  Net  1337;  October 
29,  1931;  9 miles  south  of  Nonsuch  Island,  Bermuda;  600  fathoms; 
Standard  length  45  mm. 

Post-larval  Female  Measurements  and  Counts:  Total  length  48.5 
mm;  standard  length  45  mm;  depth  1.4  (in  length  32.1);  head  4.3 
(in  length  10.5);  eye,  horizontal,  .8  (in  head  5.4,  in  length  55.5); 
eye,  vertical,  1.3;  snout,  to  cartilage,  1.4  (in  head  3.1,  in  length  32.1); 
snout,  to  iris,  1.8  (in  head  2.4,  in  length  25);  snout  to  pelvic  18.5 
(in  length  2.4);  dorsal  origin  to  caudal  base  10.1  (in  length  4.5); 
anal  origin  to  caudal  base  9.3  (in  length  4.8);  pectoral  length  1.1; 
pelvic  rays  6;  pelvic  length  .7;  dorsal  rays  64;  anal  rays  45;  post- 
orbital .2  (in  head  21.5,  in  length  225);  barbel  2.2  (in  head  2); 
branchiostegal  organs  14;  serial  photophores:  lateral  series,  O-V  23, 
V-A  32;  ventral  series,  I-V  34,  V-A  32,  A-C  17. 

Post-larval  Female  External  Characters:  (Figs.  49C,  54A,  A'). 
General  pigment  is  practically  absent,  although  there  is  an  exceed- 
ingly fine  dusting  of  microscopic  brown  specks.  There  are  72 
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blotches  along  each  side  and  7 small  spots  in  the  mid-line  of  the 
isthmus,  while  the  protruding  tip  of  the  gut  is  laterally  and  distally 
pigmented. 

The  body  is  of  typically  Stomiatoid  post-larval  form,  relatively 
deeper  than  in  the  larva,  with  the  highest  point  toward  mid-length 
and  the  caudal  region  much  thicker  than  in  the  adult  female.  In 
other  proportions  too  the  post-larva  is  a perfect  intermediate  form: 
the  caudal  peduncle  is  mid-way  between  the  minute  tail  of  the  larva 
and  the  long  one  of  the  adult,  while  head  and  snout,  though  much 
reduced  compared  with  their  early  proportions,  are  still  much  longer 
than  in  the  mature  fish. 

The  maxillary  reaches  the  eye  proper  (i.  e.  behind  the  cartilag- 
inous stalk)  and  the  mandibular  angle  falls  at  the  vertical  from  the 
middle  of  the  eye.  Due  to  the  nearly  complete  absorbtion  of  the 
external  portion  of  the  optic  nerve  the  eyes  are  drawn  close  to  the 
head,  although  they  are  loose  in  their  large  sockets.  In  the  anterior 
parts  of  these  cavities,  between  the  nostrils  and  the  eyes,  the  carti- 
laginous stalks  are  coiling  down  into  their  final  positions  before  dis- 
solution, each  stalk  forming  a series  of  four  or  five  loose  kinks  which 
are  still  completely  external,  above  the  level  of  the  snout.  The 
proximal  and  distal  ends  are  as  yet  firmly  attached  to  the  skull  and 
eye-balls  respectively.  The  eyes  themselves  are  still  vertically 
elongate,  directed  obliquely  forward. 

Traces  of  larval  denticles  are  found  in  the  premaxillary  only; 
on  the  other  hand  there  are  two  or  three  rudimentary,  exceedingly 
short,  true  teeth  in  each  jaw. 

The  opercles  are  very  short,  covering  only  the  most  anterior  of 
the  gill  arches. 

The  pectorals  are  still  large  (over  a millimetre  in  length  from 
base  to  tip  of  ray  lets)  and  fully  formed.  The  tiny  pel  vies  have  all 
of  the  rays  clearly  distinguishable.  The  dorsal  has  only  a third  the 
relative  extent  of  the  adult,  although  all  of  the  rays  are  formed  and 
the  anterior  ones  already  have  considerable  spaces  between  them. 
The  anal  also  has  the  full  number  of  rays;  it  occupies  three-fifths  as 
much  space  as  in  the  adult  and  commences  slightly  behind  the  dorsal 
origin.  Its  more  anterior  rays  are  exceedingly  short;  their  develop- 
ment seems  to  have  been  retarded  by  the  backward  extension  of  the 
gut  in  earlier  stages,  which  shows  its  effect  even  at  this  point,  when 
the  intestinal  tip  alone  remains  external.  Both  fins  have  firm,  con- 
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tinuous  bases  which  are  easily  detached  from  the  surrounding  skin 
with  the  rays  intact;  these  are  undoubtedly  connected  with  the 
tremendous  forward  migration  of  all  but  the  most  posterior  finrays. 
The  lateral  spines  of  dorsal  and  anal  are  discussed  in  connection 
with  the  osteology.  The  caudal  fin  is  now  of  adult  form — bilobed, 
with  the  lower  half  the  longer  and  all  of  the  rays  strongly  developed. 
The  fin  is  contained  about  13  times  in  the  standard  length,  as  opposed 
to  some  33  times  in  the  adult  female. 

Traces  of  finfold  are  present  ventrally,  but  the  only  conspicuous 
fold  lies  along  the  middle  of  the  dorsal  profile;  here  it  is  about  equal 
in  height  to  the  maximum  depth  of  the  fish. 

The  antorbital  organ  although  small  is  a perfectly  formed, 
obviously  functional,  double-centered  photophore,  pointing  both 
down  and  up  as  usual  among  Stomiatoids,  at  least  in  the  young;  it 
is  placed  directly  beneath  the  anterior  attachment  of  the  cartilage 
stalk.  The  postorbital  lies  beneath  the  middle  of  the  eye  itself, 
above  the  mandibular  angle.  In  both  organs  the  pigmented  sheath 
is  well  developed,  although  less  so  in  the  postorbital.  In  maximum 
length  the  latter  is  scarcely  greater  than  the  antorbital;  actually  it 
is  half  as  large  as  in  the  mature  267  mm  female  subsequently  to  be 
described,  but  relatively  it  is  three  times  larger.  Subdermally  a 
slender  strand  connects  the  two  post-larval  organs.  The  short 
barbel  is  perfectly  white  with  a short,  thick  stem  and  the  component 
parts  of  the  complex  bulb  of  the  future  very  roughly  blocked  out;  all 
is  quite  opaque,  with  none  of  the  translucency  of  the  delicate  flanges 
of  the  adult.  The  opercular,  branchiostegal  and  serial  photophores 
are  all  completely  developed.  The  caudal  lights  are  indicated, 
though  indistinctly.  Luminous  granules  are  present  in  small  quan- 
tities on  the  unpaired  fins,  but  there  is  no  trace  of  jaw  luminescence 
or  of  lesser  body  photophores. 

Post-larval  Female  Osteology:  (Fig.  61B).  There  is  no  trace  of 
ossification  in  cleared  and  stained  post-larvae.  In  conformation 
the  elements  of  the  skull  and  vertebral  column  are,  as  is  to  be  ex- 
pected, less  than  half-way  between  those  of  larvae  and  adult  females. 

Post-larval  Female  Digestive  System:  (Figs.  62C,  64C).  The  gut 
still  bulges  ventrally,  although  it  is  completely  covered  by  true 
abdominal  epidermis.  The  tip  of  the  intestine  alone  projects,  lying 
close  beneath  the  first,  short,  still  repressed,  anal  rays;  this  portion 
is  swollen  slightly,  as  in  the  larva.  Due  to  the  elongation  of  the 
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caudal  peduncle  since  the  larval  stage,  the  gut  is  now  only  70  per- 
cent of  the  standard  length.  The  intestine  is  broader  than  the 
oesophagus  as  in  the  larva;  in  the  adult  female  the  reverse  is  true. 
The  tiny  stomach,  however,  is  already  wider  than  either  oesophagus 
or  intestine,  just  as  in  mature  fish. 

The  oesophagus  is  straight  and  unconstricted,  4.8  mm  in  length, 
relatively  a little  longer  than  in  the  larva.  The  organs  of  the  pyloric 
region  differ  from  those  of  the  late  larva  (with  the  large  liver)  in  the 
following  respects:  The  stomach  is  much  longer  (2  mm,  in  standard 
length  22.5),  of  characteristic  elongate  shape  and  rather  a continua- 
tion than  an  appendage  of  the  oesophagus;  in  all  probability,  how- 
ever, it  is  not  yet  functional.  A pyloric  arm  now  definitely  joins 
stomach  and  intestine.  From  this  two  very  short  (.2  mm)  but 
characteristically  shaped  caeca  protrude.  The  bile  duct  (.6  mm)  is 
not  only  relatively  but  actually  much  shorter  than  in  either  small  or 
large  larvae,  but  the  bladder  actually  and  relatively  is  larger  (over 
a millimetre  in  maximum  diameter).  The  small,  oval  spleen  (.2  mm) 
is  visible  against  the  anterior  end  of  the  intestine,  immediately  above 
the  bile  duct.  The  liver  (1.6  mm  in  length)  although  comparatively 
a little  smaller  than  in  the  larger  larvae,  is  broader,  enclosing  all 
except  the  most  dorsal  side  of  the  oesophagus.  Its  most  posterior 
tip,  on  the  left  as  always  in  this  species,  barely  reaches  the  ^origin  of 
the  stomach,  as  in  females  of  all  stages.  The  pancreas  is  not  visible. 
There  is  as  yet  no  pigment  in  any  part  of  the  gut  or  body  cavity. 

Post-larval  Female  Reproductive  System:  The  gonads  are  minute 
inconspicuous  threads.  A gonopore  is  plainly  visible  on  a small, 
separate  papilla  behind  the  anus. 

Post-larval  Male  Trawling  Data:  All  of  the  characters  except 
those  of  the  skeleton  are  based  upon  from  the  following  specimen: 
Department  of  Tropical  Research  No.  21,802;  Bermuda  Oceano- 
graphic Expeditions  of  the  New  York  Zoological  Society;  Net  1122; 
August  3,  1931;  12  miles  south  of  Nonsuch  Island,  Bermuda;  600 
fathoms;  Standard  length  40  mm. 

Post-larval  Male  Measurements  and  Counts:  Total  length  43  mm; 
standard  length  40  mm;  depth  1.1  (in  length  36.4);  head  4.3  in 
length  9.3);  eye  diameter,  lateral,  .74  (in  head  5.8,  in  length  52.7); 
eye  diameter,  vertical,  1.1;  distance  from  external  base  of  optic 
nerve  to  apex  of  lens  2.9  (in  length  13.8);  snout  1.9  (in  head  2.3,  in 
length  21.1);  maxillary  1.3  (in  head  3.3);  dorsal  origin  to  caudal  base 
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Fig.  60.  Diagrams  showing  change  in  relative  size  and  position  of  premaxillary, 
maxillary,  mandible,  quadrate  and  hyomandibular  during  development.  Top  figure,  larva; 
middle,  post-larva;  bottom,  adult  female.  The  pivotal  point  throughout  is  the  junction  of 
the  head  of  the  hyomandibular  with  the  pterotic.  The  eye  is  shown  in  exact  position  and 
relative  size. 
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7.2  (in  length  5.6) ; anal  origin  to  caudal  base  4 (in  length  10) ; dorsal 
rays  55;  anal  rays  35;  external  end  of  gut  2.3;  postorbital  .32  (in  head 
13.4,  in  length  125);  serial  photophores:  branchiostegals  12  to  13; 
lateral  series  41;  ventral  series,  I-A  70,  A-C  0. 

Post-larval  Male  External  Characters:  (Figs.  50C;  53B,  B';  55A, 
A').  No  general  pigment  whatever  is  developed,  although  the  head 
is  less  completely  transparent  and  the  body  more  opaque  than  in  the 
larva.  The  lateral  blotches  number  66  in  this  specimen,  and  there 
are  the  usual  half-dozen  mid-line  spots  on  the  isthmus.  On  each 
side  of  the  projecting  termination  of  the  intestine  closely  crowded 
chromatophores  form  an  almost  solid  line,  and  the  extreme  tip  of 
the  intestine  is  similarly  pigmented. 

In  general  form  this  male  post-larva  does  not  differ  from  the 
slightly  older  female  except  that,  as  is  to  be  expected,  the  caudal 
peduncle  is  not  as  long  and  the  head  is  relatively  larger  and  more 
larvoid  in  character,  with  the  dorsal  contour  still  horizontal  instead 
of  depressed.  As  in  the  female,  the  arching  of  the  snout  has  com- 
menced, bringing  the  jaw  bones  lower  in  relation  to  the  eye,  although 
the  top  of  the  snout  itself  is  level  with  the  top  of  the  head.  The  jaws 
are  intermediate  between  the  larval  and  female  post-larval  types, 
the  premaxillary  still  not  overlapping  the  maxillary  which  extends 
only  two-thirds  of  the  way  to  the  base  of  the  eye-stalk  and  the 
mandibular  angle  falling  almost  beneath  the  cartilaginous  rod.  The 
nostrils  are  about  midway  between  the  tip  of  the  snout  and  the  base 
of  the  stalk,  placed  laterally. 

The  eyes  are  at  a most  interesting  intermediate  stage  of  the 
stalked  phase,  as  the  optic  nerve  and  most  of  the  muscles,  tactile 
nerves  and  so  on  have  about  two-thirds  of  their  former  length  ab- 
sorbed, with  the  eye-ball  still  firmly  attached  to  their  ends,  while 
the  anterior,  cartilaginous  rod  has  burst  completely  from  the  stalk 
sheath  and  forms  a pendulous  loop. 

In  the  premaxillaries  and  mandible  the  majority  of  larval 
denticles  persist  (6  in  each  of  the  first  bones,  8 in  each  half  of  the 
second),  but  in  the  maxillaries  only  several  remain  in  each  side,  very 
loose  and  asymmetrically  spaced.  There  is  no  trace  of  true  teeth. 

The  operculum  is  undeveloped. 

The  pectorals,  although  they  are  actually  larger  than  in  the 
larva,  are  relatively  smaller,  but  throughout  structurally  similar, 
consisting  of  column,  pad  and  raylets.  There  is  no  sign  of  even 
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rudimentary  pelvics.  The  dorsal  now  shows  a typically  adult  num- 
ber of  rays,  as  in  the  female,  but  they  are  crowded  closely  together 
and  though  occupying  relatively  two-thirds  as  much  space  as  in  the 
larva,  the  base  of  the  fin  is  only  a third  as  long  compared  with  the 
standard  length  as  in  the  adult.  The  anal  has  thirty-odd  rays  well 
developed,  as  opposed  to  the  ten  rudimentary  elements  of  the  larval 
anal,  yet  the  fin  is  not  adult  in  either  ray  number  or  extent,  as,  like 
the  dorsal  the  base  occupies  less  than  one-third  as  much  space  as  in 
the  mature  male.  In  accordance  with  a well  marked  sexual  character 
unaffected  by  age,  the  fin  base  is  much  shorter  than  in  the  post- 
larval  female.  The  caudal  fin  is  well  formed  with  distinct  rays,  a 
moderately  deep  fork,  and  a ventral  lobe  slightly  longer  than  the 
dorsal  one;  the  fin  is  however  shorter  than  in  adult  males  (contained 
about  13  times  in  the  standard  length  as  opposed  to  8 to  11).  In 
the  female  the  opposite  is  true,  the  tail  of  the  young  being  longer 
than  in  the  adult. 

Finfolds  are  rudimentary  except  along  the  middle  of  the  back, 
where  the  fold  equals  the  maximum  body  depth. 

Antorbital  and  postorbital  lights  are  both  distinguishable, 
though  rudimentary  and  with  no  pigmented  cup.  The  postorbital 
is  relatively  and  actually  less  than  a fourth  as  large  as  in  adult  males, 
but  already  in  both  respects  it  is  larger  than  in  females  of  any  age. 
It  ends  close  to  the  vertical  from  the  anterior  edge  of  the  cartilagin- 
ous eye-stalk.  Not  even  a stump  is  found  in  the  region  of  the  female 
barbel.  Of  the  serial  photophores  the  most  developed  are  those  of 
the  ventral  series,  but  even  in  these  the  pigmented  frames  are  only 
partially  developed  and  the  A-C  series  is  completely  lacking.  The 
lateral  serial  lights  are  much  smaller  and  less  distinct,  dying  out 
completely  fully  twenty  myomeres  in  front  of  the  anal  fin.  The 
anterior  one  or  two  branchiostegal  organs  are  undeveloped  also. 
Probably  none  of  the  serial  lights  is  as  yet  functional,  although  in 
slightly  older  male  post-larvae  they  all  showed  a distinct  violet  hue 
when  fresh.  The  caudal  lights  are  rudimentary,  but  a moderate 
amount  of  luminous  granular  material  is  already  present  on  the  un- 
paired fins. 

Post-larval  Male  Osteology:  (Fig.  61b).  As  in  the  females  of  this 
stage,  there  is  no  trace  of  ossification  in  cleared  and  stained  post- 
larvae, while  in  general  conformation  the  cartilaginous  elements  of 
the  skeleton  are  less  than  half-way  between  those  of  larvae  and  adult 
males. 
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Fig  61.  Development  of  centra  in  females  (left  column)  and  males  (right  column).  A 
and  a,  larvae,  standard  lengths  25  mm;  B,  female  post-larva,  48  mm;  C,  female  transitional 
adolescent,  90  mm;  D,  female  adult,  267  mm;  E,  female  adult,  350  mm;  b,  male  post-larva, 
45  mm;  c,  male  adolescent,  35  mm;  d,  male  adult,  32  mm.  E is  from  I.  panamensis,  remainder 
from  I.  fasciola.  Relative  amount  of  ossification  is  indicated  by  shading,  relative  length  of  the 
vertebrae  by  the  adjacent  transverse  lines. 
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Post-larval  Male  Digestive  System:  (Figs.  63C,  65C).  The  in- 
testine still  bulges  ventrally,  although  it  is  well  covered  by  abdominal 
epidermis,  but  the  gut  tip  is  relatively  much  shorter  than  in  the 
larva,  not  reaching  the  end  of  the  anal  fin.  The  entire  gut  is  corres- 
pondingly shorter — only  78  percent  as  long  as  the  fish,  opposed  to 
almost  90  percent  in  young  larvae.  In  contrast  to  the  post-larval 
female  there  is  little  change  from  the  larval  organization  of  the 
various  parts  of  the  digestive  system:  the  oesophagus  still  has  one 
conspicuous  bulge,  the  bile  duct  remains  elongate,  there  is  no  trace 
of  either  caeca  or  spleen  and  the  liver  is  still  narrow  and  of  a similar 
length  to  that  of  the  late  larva.  In  the  breadths  and  proportions  of 
the  various  sections  of  the  gut  itself,  however,  post-larvae  of  both 
sexes  are  very  similar.  The  system  is  still  functioning  throughout, 
as  shown  by  the  remains  of  food  in  both  oesophagus  and  intestine. 

Post-larval  Male  Reproductive  System:  The  testicles  are  clearly 
visible  under  low  power  magnification,  though  of  small  calibre  com- 
pared with  the  intestine  (the  opposite  is  true  in  adult  males) . They 
measure  .1  to  .2  mm  in  diameter,  and  except  anteriorly  are  located 
lateral  rather  than  dorsal  to  the  intestine.  They  originate  well 
behind  the  stomach,  at  the  fourteenth  myomere,  the  left  gonad 
slightly  in  advance  of  the  right,  as  in  mature  specimens  of  both 
sexes.  The  sectional  character  of  the  testicles  of  adult  males  is  not 
apparent,  nor  is  the  lace-like  network  of  pigment  found  in  the  outer 
testicular  membrane  of  more  advanced  specimens. 

The  intromittent  organ  is  rudimentary,  consisting  of  a small 
papilla  behind  the  anus. 

Transitional  Post-larval  Female  and  Adolescent  Male: 
In  appearance  the  transitional  post-larval  female  corresponds  to  the 
adolescent  male,  as  explained  on  p.  158.  These  periods  are  evidently 
short,  though  definite,  in  the  development  of  both  sexes,  when  the 
adult  shapes  are  being  rapidly  assumed  and  the  shrinking  process  is 
in  full  swing.  Typical  female  and  male  examples  are  described  below. 

Transitional  Post-larval  Female  Trawling  Data:  All  of  the 
characters  except  those  of  the  skeleton  are  based  upon  the  following 
specimen:  Department  of  Tropical  Research  No.  16,842;  Bermuda 
Oceanographic  Expeditions  of  the  New  York  Zoological  Society; 
Net  792;  July  8,  1930;  10  miles  south  of  Nonsuch  Island,  Bermuda; 
600  fathoms;  Standard  length  48  mm. 

Transitional  Post-larval  Female  Measurements  and  Counts:  Total 
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length  51  mm;  standard  length  48  mm;  depth  2.1  (in  length  22.9); 
head  4.2  (in  length  11.4);  eye,  horizontal,  1 (in  head  4.2,  in  length 
48);  snout  1.1  (in  head  3.8,  in  length  43.6),  maxillary  3 (in  head  1.4); 
snout  to  pelvic  18.5  (in  length  2.6);  dorsal  origin  to  caudal  base  27 
(in  length  1.8);  anal  origin  to  caudal  base  17.1  (in  length  2.8);  pelvic 
rays  6;  pelvic  length  1.2;  dorsal  rays  64;  anal  rays  42;  postorbital 
.25  (in  head  16.8,  in  length  192);  serial  photophores:  branchiostegals 
13  to  14;  lateral  series,  O-V  23,  V-A  32;  ventral  series,  I-V  34,  V-A 
32,  A-C  17. 

Transitional  Post-larval  Female  External  Characters:  (Figs.  49D, 
54B).  The  outer  epidermis  is  fairly  thick,  with  about  half  of  the 
adult  amount  of  pigment — that  is,  the  fish  is  dusky  brown  with  only 
the  snout  and  jaws  pale.  There  are  68  lateral,  subdermal  pigment 
spots.  The  subisthmal  spots  have  almost  vanished,  and  intestinal 
pigment  persists  only  as  a black  ring  encircling  the  anus. 

This  young  fish  is  of  about  adult  proportions  as  far  as  trunk  and 
caudal  peduncle  are  concerned,  relatively  deeper  than  the  post-larva, 
with  the  maximum  depth  at  the  shoulder  instead  of  near  the  middle 
of  the  length  as  in  earlier  stages.  The  tail  also  is  slimmer,  though 
not  as  reduced  as  in  the  mature  female. 

The  head,  however,  is  still  large,  as  are  the  eyes.  The  latter  are 
.firmly  fixed  in  their  sockets,  with  the  lenses  covered  by  membranes 
connecting  with  the  orbits,  and  they  are  round,  not  vertically  elon- 
gate as  in  earlier  stages;  the  posterior  half  of  each  iris  is  broader  than 
the  anterior.  The  stalks,  traceable  externally  by  pre-orbital  bumps, 
are  completely  and  tightly  coiled  down  in  cavities  beneath  very  thin 
coverings  of  skin.  The  original  attachments  to  skull  and  eye-balls 
persist.  The  snout  is  proportionately  shorter  than  in  the  post-larva, 
though  longer  than  in  the  adult.  The  premaxillary  ends  at  the 
vertical  from  the  anterior  part  of  the  eye,  the  maxillary  an  eye’s 
diameter  behind  the  orbit,  and  the  mandibular  angle  slightly  behind 
this — in  all  three  bones  a great  advance  is  represented  over  the  post- 
larval  stage. 

The  teeth  are  about  half  developed,  both  in  number  and  in 
relative  length.  In  both  premaxillaries  and  maxillaries  are  several 
teeth,  and  9 or  10  are  developed  in  each  half  of  the  mandible.  In 
each  jaw  the  longest  teeth  are  in  the  positions  of  the  longest  fangs 
of  the  adult.  In  the  lower  jaw  the  arrangement  is  not  entirely 
symmetrical. 


186  Zoologica:  N.  Y.  Zoological  Society  [XVI;  4 

The  opercles  are  incomplete,  the  posterior  gill  arches  being  un- 
covered. 

Of  the  large  larval  pectoral  only  a low,  rayletless  nodule  remains, 
almost  as  well  pigmented  as  the  skin.  The  pelvics  are  short,  the 
rays  distinct  and  rather  thickly  webbed. 

The  dorsal  is  intermediate  in  the  length  of  its  base  between  the 
post-larval  stage,  where  it  commences  only  a little  in  front  of  the 
anal,  and  the  adolescent,  where  it  has  reached  its  final,  adult  position 
above  the  pelvics;  in  the  present  specimen  it  is  far  in  advance  of  the 
anal,  but  well  behind  the  pelvics.  The  rays  are,  of  course,  all  formed, 
as  in  the  post-larva.  The  anal  is  of  nearly  adult  extent.  The  caudal 
is  contained  16  times  in  the  standard  length,  making  it  twice  longer 
relatively  than  in  the  adult  female,  but  shorter  than  in  the  post-larva. 

Of  finfolds  only  traces  remain  except  above  the  pelvics  in  front 
of  the  dorsal  fin.  Here  there  is  a large,  fleshy  frill  which  is  the  result 
of  the  extension  of  the  dorsal  rays  forward  along  the  back:  In  its 
course  the  expanding  fin  has  shoved  ahead  of  it  the  dorsal  finfold 
(always  the  deepest  portion)  before  it  could  be  absorbed;  conse- 
quently it  has  accumulated  in  the  frill-like  tissue  just  described, 
disappearing  even  more  slowly  due  to  the  local  concentration  of  its 
mass.  This  accounts  for  its  persistance  far  into  the  adolescent 
stage,  to  a period  when  other  fishes  have  long  since  lost  all  trace  of 
this  juvenile  character.  In  the  present  specimen,  this  portion  of  the 
fold  measures  1.5  mm  in  length,  is  half  as  high  and  has  a posterior 
dark  spot. 

The  antorbital  apparently  has  only  the  dorsal  centre  functional, 
as  the  lower  part  of  the  organ  is  covered  with  skin.  The  postorbital 
is  placed  under  the  posterior  margin  of  the  eye,  far  in  advance  of  the 
mandibular  angle,  instead  of  above  it  as  in  the  post-larva.  The 
barbel  has  been  broken  off  short  in  this  specimen,  but  in  other  com- 
parable ones  it  is  longer  and  slimmer  than  in  the  post-larva  but  still 
imperfectly  formed  and  lacking  in  pigment.  The  serial  organs,  as  in 
the  post-larva,  are  fully  formed  and  in  this  specimen  retain  tinges  of 
violet  even  after  three  years  in  alcohol.  Both  caudal  lights  are 
partially  developed  and  there  is  a moderate  amount  of  luminous 
granular  material  on  the  unpaired  fins,  but  no  trace  as  yet  of  lumin- 
escence in  the  teeth,  of  photophores  along  the  first  pelvic  ray,  or  of 
lesser  head  and  body  photophores. 

Transitional  Post-larval  Female  Osteology:  There  is  no  ossifica- 
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tion.  The  cartilaginous  elements  in  shapes  and  relations  show  little 
advance  over  those  of  the  post-larva. 

Transitional  Post-larval  Female  Digestive  System:  (Fig.  62D). 
The  intestine  is  fully  enclosed  within  the  body  cavity  save  for  a 
vestigial  external  tip.  Due  to  the  increased  length  of  the  caudal 
peduncle  the  gut  now  measures  only  62  per  cent  of  the  standard 
length,  or  little  more  than  in  the  adult.  Except  for  a small  amount 
of  pigment  and  an  enlarged  stomach  the  digestive  organs  are  of  the 
same  size  and  in  the  same  positions  as  in  the  post-larva.  The 
stomach,  still  very  short,  measures  3.5  mm  (13.7  in  length  of  fish). 
The  oesophagus  and  proximal  portion  of  the  stomach  have  a thin 
sprinkling  of  pigment,  but  on  stomach’s  distal  half  and  over  the 
coelomic  lining  is  only  the  faintest  dusting  of  minute  chromatopores. 

Transitional  Post-larval  Female  Reproductory  System : The  gonads 
are  rudimentary.  There  is  a distinct  gonopore  on  a papilla  behind 
the  anus. 

Adolescent  Male  Trawling  Data:  All  of  the  characters  ex- 
cept those  of  the  skeleton  are  based  upon  the  following  specimen: 
Department  of  Tropical  Research  No.  14,988;  Bermuda  Oceano- 
graphic Expeditions  of  the  New  York  Zoological  Society;  Net  576; 
May  14,  1930;  10  miles  south  of  Nonsuch  Island,  Bermuda;  700 
fathoms;  Standard  length  35  mm. 

Adolescent  Male  Measurements  and  Counts:  Total  length  38.5 
mm;  standard  length  35  mm;  depth  1.5  (in  length  23.3);  head  3.9 
(in  length  9) ; eye  1 (in  head  3.9,  in  length  35) ; snout  1.2  (in  head  3.3, 
in  length  29.2);  maxillary  2.6  (in  head  1.5);  dorsal  origin  to  caudal 
base  15  (in  length  2.3) ; anal  origin  to  caudal  base  9 (in  length  3.9) ; 
dorsal  rays  55;  anal  rays  40;  postorbital  .7  (in  head  5.6,  in  length  50); 
serial  photophores:  branchiostegal  organs  12  to  13;  lateral  series, 
O-A  50;  ventral  series,  I-A  60,  A-C  20;  penis  length  .5  (in  eye  2). 

Adolescent  Male  External  Characters:  (Figs.  50D,  55B,  B'). 
This  adolescent  male  most  nearly  approaches  the  transitional  post- 
larval  female  in  appearance:  the  pigment  is  of  about  the  same 
amount  (the  fish  is  half  as  dark  as  the  adult  female,  but  not  much 
lighter  than  the  adult  male),  with  66  lateral,  subdermal  spots;  the 
maximum  depth  is  typical  of  the  adults  of  the  species  (but  the 
deepest  point  on  the  body  is  toward  the  middle  of  the  length — as  is 
true  even  in  adult  males — and  not  at  the  shoulder  as  in  all  females 
past  the  post-larval  stage);  also  as  in  the  transitional  post-larval 
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Pig.  62.  Diagrams  showing  development  of  alimentary  canal  in  female.  Lateral 
views,  left  side.  A,  larva,  standard  length  16  mm;  B,  larva,  25  mm;  C,  post-larva,  45  mm; 
D,  transitional  post-larva,  48  mm;  E,  adolescent,  45  mm;  F,  adult,  267  mm.  The  guts  are 
drawn  to  show  the  relation  of  their  total  lengths  to  the  standard  lengths,  thus  that  of  the 
25  mm  larva  is  88%  as  long  as  the  fish  while  that  of  the  45  mm  adolescent  is  only  50%  as 
long  as  that  specimen,  or  relatively  little  over  half  as  long  as  in  the  larva.  In  each  case  the 
liver  is  the  anterior  of  the  two  organs  represented,  the  stomach  the  posterior. 

female  the  head,  eye  and  snout  are  large  compared  with  these  organs 
in  the  adult  female,  but  again  they  are  of  the  final  proportions  for 
mature  males.  The  position  of  the  eyes  too  is  comparable  with  that 
in  the  corresponding  female  stage,  as  these  organs  are  completely 
sessile,  perfectly  round  with  the  lens  forward  in  each  iris,  and  the 
stalks  shriveled  close  in  front  of  them  and  barely  covered  by  thin 
areas  of  skin.  The  jaw  bones  are  more  larvoid  than  in  the  corre- 
sponding female,  and  completely  edentulous. 

The  opercles,  also  as  in  the  parallel  female,  are  incompletely 
formed,  the  pectoral  consists  of  a nodule  only,  and  the  dorsal  and 
anal,  though  composed  of  typically  adult  numbers  of  rays,  have  not 
quite  attained  the  adult  male  extent.  The  caudal  is  of  adult  male 
length,  contained  10  times  in  the  standard  length,  but  it  is  over  3 
times  as  long  relatively  as  in  the  adult  female. 

A moderate  sized  finfold  persists  dorsally,  with  a concentrated 
frill  of  tissue  immediately  in  front  of  the  dorsal  fin  exactly  as  in  the 
transitional  post-larval  female. 

The  antorbital,  in  its  permanent  position  beneath  the  anterior 
corner  of  the  eye,  has  now  but  one  functional  center,  the  upper,  as 
in  the  female.  The  postorbital,  still  well  separated  from  the  ant- 
orbital, is  already  greatly  swollen,  but  little  over  half  its  adult  size. 
It  commences  under  the  posterior  portion  of  the  eye  and  ends  well 
behind  it,  having  a maximum  length  of  about  three-fourths  the 
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Fig.  63.  Diagrams  showing  development  of  alimentary  canal  in  male.  Lateral  views, 
left  side.  A,  larva,  standard  length  16  mm;  B,  larva,  25  mm;  C,  post-larva,  40  mm;  D, 
adolescent,  35  mm;  E,  transitional  adolescent,  35  mm;  F,  adult,  38  mm.  The  sexually 
indeterminable  larvae  of  Fig.  62  have  been  repeated.  In  each  of  the  cuts  the  stomach  is  the 
minute  papilla  behind  or  beneath  the  larger  liver. 

diameter  of  the  eye.  There  is  no  trace  of  a barbel.  The  serial 
photophores  have  the  lateral  series  shorter  by  several  organs  than 
in  the  female,  but  the  same  is  true  of  adult  males.  The  ventral 
caudal  light  alone  is  distinguishable,  but  there  is  more  granular 
luminous  material  on  the  unpaired  fins  than  in  the  female.  No  jaw 
luminescence  is  developed. 

Adolescent  Male  Osteology:  (Figs.  60,  61c).  There  is  no  trace  of 
ossification.  The  masculine  characteristics  of  the  bones,  as  described 
later  in  connection  with  the  adult  male,  are  beginning  to  be  apparent. 

Adolescent  Male  Digestive  System:  (Figs.  63D,  65D).  The  ali- 
mentary canal  is  entirely  enclosed  within  the  body  cavity,  but  is 
traceable  throughout  its  length  by  a pale  colored  bulge  along  the 
ventral  profile.  Vestiges  of  the  larval  external  end  of  the  intestine 
persist  in  the  prominent  anal  papilla.  As  in  the  transitional  post- 
larval  female  the  total  length  of  the  gut  is  now  reduced  to  three- 
fifths  of  the  standard  length,  or  equal  to  its  extent  in  the  adult  male. 
Most  important  in  the  digestive  organization  is  the  incipient  degen- 
eration of  the  system:  The  end  of  the  oesophagus  is  completely  cut 
off  from  stomach  and  intestine  by  a transverse  constriction,  so  that 
ingestion  of  food  is  now  obviously  impossible.  The  stomach  is  no 
longer  than  in  the  post-larva  and  the  bile  duct  is  reduced,  bringing 
the  gall  bladder  closer  to  the  pyloric  region.  The  liver,  on  the  other 
hand,  is  a third  again  as  large  as  in  the  post-larva  and  two  rudimen- 
tary caeca  are  distinguishable.  In  average  calibre  the  gut  is  about 
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Fig.  64.  Development  of  pyloric  region  in  female.  Ventral  views.  A,  larva,  standard 
length  16  mm;  B,  larva,  25  mm;  C,  post-larva,  45  mm;  D,  adolescent,  45  mm.  The  liver  is 
indicated  by  the  shaded  portion.  Abbr.:  bl,  gall  bladder;  ca,  caecum;  du,  bile  duct;  int, 
intestine;  oes,  oesophagus;  sp,  spleen;  st,  stomach.  ( X 57). 
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Fig.  65.  Development  of  pyloric  region  in  male,  ventral  views.  A,  larva,  standard 
length  16  mm;  B,  larva,  25  mm;  C,  post-larva,  40  mm;  D,  adolescent,  35  mm;  E,  transitional 
adolescent,  35  mm;  F,  adult,  35  mm.  The  liver  is  indicated  by  the  shaded  portion.  Abbre- 
viations as  in  Fig.  64.  ( X 57). 
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equal  to  that  of  the  post-larva,  but  the  terminal  portion  is  only 
slightly  expanded.  There  is  a small  rounded  spleen  above  the  py- 
loric end  of  the  bile  duct. 

Adolescent  Male  Reproductory  System:  The  gonads  are  .25  mm  in 
diameter,  about  equal  to  that  of  the  intestine.  Pigment  is  appearing 
in  a series  of  broken  transverse  bands.  There  is  still  no  trace  of  the 
testicular  constrictions  found  in  more  advanced  specimens.  The 
intromittent  organ  behind  the  anus  is  unpigmented,  half  as  long  as 
in  the  adult  and  shorter  than  the  first  anal  rays. 

Adolescent  Female  and  Transitional  Adolescent  Male: 
As  explained  on  p.  158  the  adolescent  female  in  appearance  corre- 
sponds most  closely  to  the  transitional  adolescent  male.  It  is  during 
these  periods  in  the  lives  of  each  that  the  last  vestiges  of  larval  eye- 
stalks,  pectoral  fins  and  finfolds  gradually  disappear.  Individual 
examples  of  both  sexes  are  described  below. 

Adolescent  Female  Trawling  Data:  All  of  the  characters  except 
those  of  the  skeleton  are  based  upon  the  following  specimen:  De- 
partment of  Tropical  Research  No.  23,148;  Bermuda  Oceanographic 
Expeditions  of  the  New  York  Zoological  Society;  Net  1270;  Sep- 
tember 7,  1931;  10  miles  southeast  of  Nonsuch  Island,  Bermuda; 
Standard  length  45  mm. 

Adolescent  Female  Measurements  and  Counts:  Total  length  48.5 
mm;  standard  length  45  mm;  depth  1.9  (in  length  23.7);  head  3.4 
(in  length  13.2);  eye  .8  (in  head  4.3,  in  length  56.3);  snout  1 (in  head 
3.4,  in  length  45);  maxillary  2.6  (in  head  1.3);  snout  to  pelvic  17 
(in  length  2.6);  dorsal  origin  to  caudal  base  28.3  (in  length  1.6);  anal 
origin  to  caudal  base  16.7  (in  length  2.7);  pelvic  rays  6;  pelvic  length 
1.5;  dorsal  rays  60;  anal  rays  38;  postorbital  .22  (in  head  15.5,  in 
length  204.5);  barbel  3.6  (in  head  .9);  serial  photophores:  branchio- 
stegal  organs  13  to  14;  lateral  series,  O-V  23,  V-A  33;  ventral  series, 
I-V  ca.  34,  V-A  34,  A-C  17. 

Adolescent  Female  External  Characters:  (Figs.  49E,  54C,  C'). 
The  68  larval  subdermal  spots  are  fading  but  distinct,  although  due 
to  the  dark  general  pigmentation  they  are  faint  when  viewed  with 
the  skin  intact.  The  external  pigment  is  not  however  completely 
developed,  and  the  jaws  are  still  pale. 

In  relative  depth  and  in  size  and  appearance  of  the  head  this 
adolescent  specimen  agrees  with  adult  females,  but  the  eye  and 
snout  are  both  relatively  still  large.  Inside  the  snout  there  is  visible 
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the  last  trace  of  juvenile  cartilaginous  eye-stalk:  all  except  a part  of  a 
single  spiral  has  been  absorbed. 

In  the  jaws  the  teeth  are  developed  only  slightly  more  highly 
than  in  the  transitional  post-larva,  being  short  and  scattered ; in  the 
premaxillaries  there  are  5 or  6 pairs,  1 or  2 pairs  in  the  maxillaries 
and  about  8 teeth  in  each  mandibular  ramus.  Both  vomer  and 
palatine  are  edentulous  but  the  basi-branchials  have  2 pairs  of  teeth, 
strong,  long,  curved  and  posteriorly  directed — the  most  efficient 
teeth  in  the  mouth  during  this  period. 

The  opercles  are  practically  complete. 

Of  the  early  pectoral  fins  only  a scar  remains.  The  pelvic  is 
relatively  not  as  long  as  in  the  adult,  but  the  dorsal  and  anal  are 
fully  developed,  the  first  four  dorsal  rays  being  in  advance  of  the 
pelvics.  The  caudal,  however,  is  still  relatively  two  and  one-half 
times  as  long  as  in  the  adult  female,  or  about  one-thirteenth  of  the 
standard  length. 

A small,  fleshy  tab,  reduced  compared  with  the  same  finfold 
remainder  in  the  transitional  post-larva,  is  the  only  trace  of  finfold 
in  this  specimen. 

The  antorbital  still  has  a single,  upper,  fully  functional  center. 
The  postorbital  is  below  and  behind  the  posterior  margin  of  the 
orbit  and  is  somewhat  over  three  times  longer  relatively  than  in  the 
adult,  actually  a little  more  than  half  as  large.  The  barbel  is  slightly 
longer  than  the  head,  instead  of  more  than  twice  as  long,  as  in  large 
specimens,  and  has  the  stem  merely  dusted  with  pigment.  The  bulb 
is  completely  colorless,  with  none  of  the  details  formed  of  the  delicate 
flanges  and  filament  of  the  adult : the  translucent  tissues  of  the  older 
fish  are  fleshy  and  opaque  in  the  adolescent,  while  the  future  fila- 
ment is  a thickly  tapering  projection.  Serial  photophores,  as  in 
previous  stages,  are  all  present  and  functional,  and  the  ventral 
caudal  light  and  luminous  fin  granules  are  highly  developed.  The 
upper  caudal  light  remains  rudimentary  and  there  is  no  trace  either 
of  tooth  luminescence  or  of  pelvic  photophores. 

Adolescent  Female  Osteology:  There  is  no  trace  of  bony  tissue. 
The  elements  in  general,  however,  show  advanced  development,  save 
for  the  still  juvenile  juxtaposition  of  the  bones  entering  into  the 
angle  of  the  jaw  and  the  conformation  of  the  vertebrae,  which  still 
are  but  slightly  excavated. 

Adolescent  Female  Digestive  System:  (Figs.  62E,  64D).  Exter- 
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nally  there  is  no  trace  of  the  gut.  Its  total  length  is  only  50  per  cent 
of  the  standard  length  of  the  fish,  and  it  is  now  relatively  shorter  than 
at  any  other  stage  of  development.  Compared  with  the  post-larva, 
the  stomach  is  longer,  extending  to  a point  three-fifths  of  the  distance 
between  opercle  and  pelvic,  its  length  contained  10  times  in  the 
length  of  the  fish ; the  oesophagus  and  dorsal  anterior  portions  of  the 
stomach  are  more  densely  pigmented;  the  liver  is  broader,  but  rela- 
tively shorter,  with  the  left  tip  pronouncedly  longer  than  the  right; 
the  caeca  and  the  pyloric  arm  joining  stomach  and  intestine  are  of 
adult  form  and  proportionate  size;  the  bile  duct  has  been  further 
reduced,  drawing  the  bladder  close  to  the  pyloric  region,  and  the 
spleen  is  now  slightly  to  the  right  of  the  bile  duct.  There  is  no  notice- 
able change  in  the  calibre  of  the  gut,  save  that  it  is  scarcely  expanded 
distally. 

Adolescent  Female  Reproductive  System:  The  gonads  are  as  yet 
rudimentary. 

Transitional  Adolescent  Male  Trawling  Data:  All  of  the  char- 
acters except  those  of  the  skeleton  are  based  upon  the  following 
specimen:  Department  of  Tropical  Research  No.  18,009;  Bermuda 
Oceanographic  Expeditions  of  the  New  York  Zoloogical  Society; 
Net  854;  September  6,  1930;  10  miles  south  of  Nonsuch  Island,  Ber- 
muda; 600  fathoms;  Standard  length  35  mm. 

Transitional  Adolescent  Male  Measurements  and  Counts:  Total 
length  38.2  mm;  standard  length  35  mm;  depth  1.8  (in  length  19.4); 
head  3.7  (in  length  9.5);  eye  .97  (in  head  3.8,  in  length  36.1);  snout  1 
(in  head  3.7,  in  length  35);  maxillary  2.3  (in  head  1.6);  dorsal  origin 
to  caudal  base  19  (in  length  1.8);  anal  origin  to  caudal  base  9 (in 
length  3.9);  dorsal  rays  51;  anal  rays  ca.  33;  postorbital  1 (in  head 
3.7,  in  length  35);  serial  photophores:  branchiostegal  organs  12; 
lateral  series,  O-A  43;  ventral  series,  I-A  (end  of  lateral  series)  50, 
A-C  25;  penis  length  .6  (in  eye  1.6). 

Transitional  Adolescent  Male  External  Characters:  (Figs.  50E, 
55C,  Cr,  C2).  The  immature  male  does  not  differ  significantly  from 
the  mature  specimen  subsequently  to  be  described  except  in  the 
following  particulars : The  skin  is  not  as  deeply  pigmented  as  in  the 
adult;  the  snout  is  not  as  highly  arched;  traces  of  eye-stalk  remain 
beneath  the  skin  of  the  snout;  the  mandibular  angle  falls  at  a point 
only  about  half  the  width  of  the  eye  behind  the  orbit,  instead  of  about 
twice  the  eye’s  diameter  as  in  the  adult;  there  is  a trace  of  dorsal  fin- 
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fold  especially  concentrated  in  a frill-like  tab  in  front  of  the  dorsal ; 
the  postorbital  is  about  three-fourths  as  large  as  in  the  mature  male, 
connected  with  the  antorbital  only  by  a dark  bridge  of  pigment,  the 
luminous  center  commencing  far  back  under  the  posterior  part  of  the 
eye;  the  lateral  series  of  photophores  ends  well  in  front  of  the  anal 
origin,  instead  of  above  the  first  few  anal  rays;  and,  finally,  the 
dorsal  organ  of  the  caudal  is  rudimentary. 

When  compared  with  the  corresponding  adolescent  female,  the 
general  differences  between  the  two,  as  opposed  to  the  strictly 
sexual,  are  much  more  apparent  than  in  earlier  stages.  Especially 
striking  are  the  medially  thickened  body,  large  eyes,  and  short  jaws 
of  the  male. 

Transitional  Adolescent  Male  Osteology:  In  general  conformation 
the  elements  of  the  skeleton  are  very  similar  to  those  of  the  adult 
male,  subsequently  to  be  described.  There  is  still,  however,  no 
trace  of  ossification. 

Transitional  Adolescent  Male  Digestive  System:  (Figs.  63E,  65E). 
As  in  both  adolescent  and  adult  male  the  gut  measures  three-fifths 
of  the  standard  length.  Compared  with  the  adolescent,  the  diameter 
of  the  oesophagus  is  reduced  by  the  infolding  of  its  walls  at  the 
expense  of  the  bore;  the  partition  between  oesophagus  and  pyloric 
region  is  thickened;  the  liver  is  slightly  longer,  its  posterior  tip 
partially  overlapping  the  still  rudimentary  stomach  and  caeca;  and 
the  bile  duct  is  further  reduced  in  length.  Of  all  these  changes  the 
last  alone  takes  place  also  in  the  corresponding,  adolescent  female. 
The  immaturity  of  the  male  is  shown  in  comparative  narrowness  of 
the  liver,  unshrunken  gall  bladder  and  relatively  wide  intestine. 

Transitional  Adolescent  Male  Reproductory  System : The  testicles 
are  no  larger  than  in  the  adolescent,  being  of  the  same  diameter  as 
the  intestine,  but  the  pigment  now  forms  a fairly  continuous  net- 
work over  their  surface,  instead  of  the  former  series  of  broken  bands 
and  the  constrictions  so  typical  of  the  testicles  of  the  adult  are 
indicated  in  this  transitional  adolescent.  The  intromittent  organ  is 
still  short  and  white,  but  is  already  stiffened  by  attachment  to  the 
first  anal  ray. 

Transitional  Adolescent  Females:  (Fig.  47).  The  Bermuda 
collection  contains  15  specimens  which  are  referred  to  this  growth 
stage,  ranging  between  48  and  161  mm.  From  true  adolescents  they 
differ  in  their  dark  pigmentation,  being  usually  as  dark  as  the  adults; 
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in  the  superior  dentition;  in  the  lack  of  traces  of  eye-stalks,  pectoral 
scars  and  finfolds;  in  the  fully  shaped  barbel;  in  the  practically  adult 
size  and  pigmentation  of  the  stomach ; and,  among  larger  specimens, 
in  the  advanced  ossification  and  partial  development  of  the  gonads. 

From  the  adult  specimens  the  transitional  adolescents  differ  in 
having  the  premaxillary  teeth  alone  completely  developed,  those  of 
the  maxillary  and  posterior  part  of  the  mandible  being  few  and  very 
small;  in  having  the  barbel  bulb  entirely  or  partially  unpigmented; 
in  the  slight  ossification  of  the  skeleton;  and  in  the  immaturity  of 
the  gonads. 

It  is  during  this  stage  that  a bony  skeleton  is  built  up.  The 
first  areas  to  show  ossification  are  the  jaws,  parasphenoid,  hyoman- 
dibular,  preopercle,  frontal  ridges,  main  opercular  ridges,  pectoral 
girdle,  hyoid  arch  and  branchial  apparatus.  Ossification  of  the 
vertebral  column  (Fig.  61C)  follows,  proceeding  posteriorly.  The 
posterior  parts  of  the  column  and  the  finrays  show  no  stain  until  the 
fish  is  well  over  100  mm  in  length,  while  the  brain  case  and  minor 
elements  of  the  head  may  be  almost  unossified  even  in  fully  mature 
specimens.  Strengthening  of  the  bones  seems  to  continue  throughout 
life. 

Adult  Females  and  Males:  The  adult  characters  of  both 
sexes  are  tabulated  on  pp.  156-157. 

The  4 adult  females  measure  190,  242,  267  and  270  mm  re- 
spectively. The  smallest  of  these  has  the  transitional  adolescent 
characters  of  incomplete  maxillary  and  posterior  mandibular  teeth, 
but  allowing  for  its  small  size  the  eggs  and  ovaries  are  relatively 
about  as  well  developed  as  in  the  larger  non-breeding  specimens  of 
242  and  270  mm.  The  267  mm  specimen  alone  is  in  full  breeding 
condition  and  is  described  in  detail  below. 

A mature  male  with  ripe  spermatozoa  is  treated  subsequent  to 
the  female. 

Adult  Female  Trawling  Data:  All  of  the  characters  are  based 
upon  the  following  specimen:  Department  of  Tropical  Research  No. 
21,937;  Bermuda  Oceanographic  Expeditions  of  the  New  York 
Zoological  Society;  Net  1137;  August  6,  1931;  9 miles  south  of  Non- 
such Island,  Bermuda;  600  fathoms;  Standard  length  267  mm. 

Adult  Female  Measurements  and  Counts:  Total  length  275  mm; 
standard  length  267  mm;  depth  11  (in  length  24.3);  least  depth  3 
(in  length  89);  head  18  (in  length  14.8);  eye  2.6  (in  head  6.9,  in 
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length  102.7);  snout  3.5  (in  head  5.1,  in  length  76.3);  snout  to  pelvic 
94  (in  length  2.8);  pelvic  to  anal  origin  74;  dorsal  origin  to  caudal 
base  181  (in  length  1.5);  anal  origin  to  caudal  base  97  (in  length  2.8); 
pelvic  rays,  left  side  6,  right  side  8;  pelvic  length  16;  pelvic  origin 
under  fourth  dorsal  ray;  dorsal  rays  68;  anal  rays  44;  caudal  rays 
XIV  + 10  + 10  + VII;  postorbital  .4  (in  head  45,  in  length  667.5); 
barbel  43  (2.4  times  head);  serial  photophores:  lateral  series,  O-V 
24,  V-A  34;  ventral  series,  I-V  35,  V-A  34  (16  to  anal  origin),  A-C  14. 

Adult  Female  External  Characters:  (Fig.  49F,  66).  In  the  fresh 
specimen  the  skin  was  dark  brownish  black,  as  was  the  barbel  stem. 
The  core  of  the  barbel  bulb  also  was  dark,  with  the  translucent 
white,  enveloping  membranes  speckled  proximally  with  black;  the 
anterior  filament  was  pale  lemon  yellow.  All  of  the  serial  photo- 
phores were  blue  violet,  those  of  the  ventral  series  being  set  in  gilt 
frames.  Both  upper  and  lower  caudal  lights  were  bright  golden 
yellow.  Even  in  the  comparatively  pale,  preserved  specimen  there 
are  subdermally  faint  traces  of  the  lateral  larval  chromatophores  as 
well  as  a partial  general  wash  of  dark  pigment. 

The  characteristic  extreme  slenderness  of  the  genus  is  very 
evident  in  this  large  example,  as  is  the  gradual  and  symmetrical 
tapering  from  the  shoulders  to  the  much  attenuated  caudal  base. 
The  crown  of  the  head  is  scarcely  raised  above  the  shoulders,  the 
moderately  short  snout  sloping  from  here  rather  abruptly  to  its 
blunt  tip.  The  lower  jaw  curves  slightly  upwards,  projecting  a 
little  beyond  the  tip  of  the  premaxillary.  The  eye,  well  developed 
but  relatively  smaller  than  in  preceding  stages,  does  not  interrupt 
the  dorsal  profile,  and  neither  internally  nor  externally  is  there  the 
least  trace  of  the  larval  stalk  of  cartilage.  The  nostrils  are  placed 
high  on  the  snout,  slightly  nearer  to  its  tip  than  to  the  eyes. 

All  except  the  smallest  of  the  teeth  are  depressible  and  bicuspid, 
as  is  typical  of  the  genus,  very  unequal  in  length,  and  show  a ten- 
dency to  be  arranged  in  groups,  the  members  of  each  increasing  in 
size  posteriorly.  In  the  left  half  of  the  mouth  the  numbers  of  teeth 
are  as  follows:  The  premaxillary  holds  11,  the  seventh,  third  and 
eleventh  respectively  the  longest;  the  maxillary  has  two  anterior 
series  of  erect  teeth  of  6 and  4 teeth  each,  the  former  in  a graduated 
row,  the  latter  much  smaller  and  of  nearly  equal  size;  following 
these  are  several  minute,  erect  denticles.  The  mandible  holds  29 
teeth,  the  fifteenth,  sixth  and  thirteenth  longest,  larger  than  any  of 
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Fig.  66.  Heads  of  adult  female,  standard  length  267  mm,  and  adult  male,  standard 
length  38  mm,  showing  relative  size.  ( X 4.5). 


the  upper  teeth;  the  last  10  are  small,  in  two  series  of  6 and  4 which 
correspond  to  the  anterior  maxillary  teeth,  although  they  are  not  as 
large.  In  addition  there  are  several  small  replacement  teeth.  On 
the  right  side  of  the  mouth  the  number  and  relative  size  of  the  teeth 
are  very  similar;  the  chief  differences  are  the  presence  of  an  extra, 
minute,  anterior,  premaxillary  tooth  and  the  shortness  of  the  fifteenth 
mandibular  fang,  which  is  obviously  replacing  a lost  tooth.  There 
is  a single  pair  of  teeth  on  the  vomer,  2 teeth  on  each  palatine  and  4 
pairs  on  the  basibranchials.  Finally,  on  each  of  the  third  pharyngo- 
branchials  are  two  groups  of  4 to  6 and  3 to  5 teeth  each. 
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Fig.  67.  Two  fangs  and  two  small  replacement  teeth  from  mandible  of  adult  female, 
showing  luminous  basal  cores  and  row  of  pores  along  inner  edge  of  base.  ( X 20). 

Within  the  translucent  base  of  each  tooth  a considerable 
amount  of  bluish,  luminous  substance  is  visible  (Fig.  67).  After 
clearing  and  staining  it  is  seen  that  this  is  held  in  a large,  triangular 
cavity  occupying  more  than  the  posterior  half  of  the  base  of  the 
tooth  and  thrusting  far  into  it,  its  apex  reaching  one-fourth  (in  large 
fangs)  to  one-half  the  distance  to  the  barbed  tip.  It  recalls  luminous 
buccal  mucous  which  covers  the  teeth  in  some  deep-sea  fish.  This 
internal  dental  substance  must  combine  the  qualities  of  supplying 
the  material  for  tooth  replacement  and  growth  with  luminosity. 
The  sides  of  the  tooth  overlap  the  inner  and  outer  margins  of  the 
jaw,  so  that  a strongly  arched  floor  is  formed.  Completely  encir- 
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cling  the  very  base  of  the  vertical  walls  is  a narrow  rim  of  especially 
firm  bony  tissue;  on  the  inner  side  this  is  punctured  with  about 
half  a dozen  pores,  giving  access  to  the  cavity.  All  of  the  cavity 
boundaries  except  this  basal  rim  and  the  anterior  and  upper  walls 
(which  are  of  the  bony  substance  of  the  tooth  proper)  are  of  a 
delicate,  easily  ruptured,  perfectly  transparent,  cartilaginous  ma- 
terial. The  tooth  itself  is  faintly  striated  with  alternating  series  of 
short,  vertical  lines. 

All  trace  of  a pectoral  nubbin  has  disappeared.  The  pel  vies 
originate  under  the  fourth  dorsal  ray,  and  though  the  rays  are 
rather  strongly  developed  they  are  un webbed  and  quite  short. 
Along  the  first  ray  is  a row  of  graduated,  round,  white  spots,  largest 
proximally.  Except  for  the  luminescence  possibly  shed  by  these 
organs,  the  pelvic  fins  cannot  be  of  much  practical  value.  Due  to 
their  comparative  feebleness  their  use  as  claspers  of  the  male  during 
copulation  seems  out  of  the  question.  On  the  right  side  of  this 
individual  fish,  2 extra  pelvic  rays  are  developed  behind  the  normal 
group  of  6;  these  abnormal  rays  are  shorter  than  the  rest  (which  are 
of  approximately  equal  lengths),  separated  from  them  and  from 
each  other  by  distinct  spaces  and  are  quite  feeble.  All  except  the 
last  dozen  or  so  of  the  dorsal  and  anal  rays  are  separated  by  broad 
and  nearly  equal  spaces;  the  most  posterior  rays,  however,  become 
successively  more  closely  crowded.  The  webbing  of  these  unpaired 
fins  is  perfectly  transparent  and  appears  exceedingly  delicate,  but 
is  actually  reasonably  strong.  Anteriorly  it  does  not  reach  the  tips 
of  the  rays.  The  caudal  fin  is  contained  33.4  times  in  the  standard 
length,  with  the  fork  moderately  deep  and  the  lower  lobe  consider- 
ably the  longer.  The  long,  true  terminal  caudal  rays  have  single 
rows  of  dark  dots,  possibly  rudimentary  photophores,  in  the  webbing 
between  each  two  rays;  these  organs  are  completely  lacking  between 
the  nine  central,  short  rays  which  form  the  base  of  the  fork.  The 
luminous  material  close  to  the  fin’s  base,  subsequently  to  be  de- 
scribed, prevents  any  spreading  of  the  rays,  and  there  seems  very 
little  mobility  to  the  fin  as  a whole,  as  the  elements  are  all  very  flat 
and  soft.  All  of  the  terminal  ones  have  the  numerous  cross  bars  of 
typical  rays — joints  which  are  as  usual  lacking  in  the  dorsal  and 
ventral  raylets. 

A trace  of  the  antorbital  photophore  survives  in  a small  crescent 
of  luminous  tissue  below  the  lower  front  corner  of  the  eye.  The 
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postorbital  is  a minute  round  photophore  facing  outwards,  set  in  a 
somewhat  larger,  black  frame. 

The  barbel  stem  is  fully  pigmented  clear  to  the  terminal  swell- 
ing; the  core  of  the  latter  is  dark  brown,  save  for  the  attenuated  tip, 
while  the  translucent,  proximal  envelope  and  expanded,  basal  por- 
tion of  the  posterior  filament  are  speckled  with  brown.  The  anterior 
and  posterior  membranous  flanges  running  the  length  of  the  distal 
half  of  the  bulb  are  perfectly  clear.  In  the  fresh  specimen  the  termi- 
nal half  of  the  proximal,  anterior  filament,  with  the  characteristic 
swelling  of  the  species,  was  pale  lemon  yellow.  At  the  base  of  the 
bulb  posteriorly  is  a small,  rounded  luminous  body.  The  general 
structure  of  the  barbel,  however,  makes  it  probable  that  its  function 
is  tactile  or  receptive  rather  than  light-giving. 

The  serial  photophores,  as  well  as  those  of  the  branchiostegals 
and  the  two  opercular  lights,  were  blue  violet  in  the  fresh  specimen. 
Each  of  the  lateral  and  ventral  lights  is  set  near  the  middle  of  a 
myomere.  In  the  preserved  fish  the  gilt  frames  of  the  ventral 
organs,  so  conspicuous  in  the  new-caught  state,  are  invisible,  traces 
remaining  only  in  somewhat  paler  skin  immediately  surrounding 
each  light.  All  of  the  organs  are  directed  obliquely  downward. 

Lesser  lights  of  the  head  and  body  are  few  in  number  compared 
with  their  abundance  in  many  of  the  Melanostomiatidae,  but  are 
concentrated  in  the  same  regions.  They  are  moderately  numerous 
on  both  upper  and  lower  jaws,  sparse  on  cheeks  and  opercles  and 
absent  on  the  top  of  the  head.  The  barbel  stem  has  a few  irregularly 
placed,  minute  organs,  especially  distally.  On  the  body  (Fig.  68) 
the  myomeres  are  outlined  with  single  rows  of  closely  set,  microscopic 
organs  averaging  50  to  each  row  from  dorsal  to  ventral  profile.  The 
myomeres  themselves  have  a few  larger  lights.  These  tend  to  form 
a median  vertical  line  of  from  6 to  10  organs  in  the  middle  of  each 
myomere,  each  line  beginning  slightly  above  the  mid-line  and  ending 
above  an  organ  of  the  lateral  series.  In  some  cases  this  vertical  row 
continues  up  to  the  dorsal  profile  as  a more  irregular  line  of  much 
smaller  organs.  Near  each  central  line  there  are  usually  half  a 
dozen  or  more  odd  organs  scattered  mid-laterally  and  without 
arrangement.  Across  each  myomere  between  the  lateral  and  ventral 
series  are  two  rough,  concentric  arcs  of  small  organs  with  each  lateral 
light  the  center  of  the  incompleted  circles.  The  lower  series  of  arcs 
is  the  more  conspicuous  of  the  two  all  along  the  body.  Each  arc  is 
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composed  of  about  a dozen  organs,  not  equally  or  symmetrically 
spaced.  In  the  ventral  mid-line  is  a continuous  double  row  of  simi- 
lar organs,  also  numbering  in  each  row  about  12  to  a myomere.  On 
the  caudal  peduncle  the  anal  fin  passes  between  the  two  rows,  and 
the  organs  in  this  region  are  less  numerous  and  more  irregular. 

There  is  a conspicuous  line  of  whitish  luminous  tissue  along  the 
upper  margin  of  the  maxillary  immediately  below  the  postorbital 
light.  On  the  body  similar  whitish  patches  alternate  with  the  serial 
organs  at  least  as  far  back  as  the  pelvics,  and,  along  the  profiles,  with 
the  ray  bases  of  the  dorsal  and  anal  fins.  The  row  of  bead-like 


Fig.  68.  Arrangement  of  photophores  in  adult  female,  between  dorsal  and  ventral 
profiles,  showing  serial  organs  and  lesser  lights.  From  the  mid-trunk  region  of  a specimen 
267  mm  in  standard  length. 

lights  on  the  first  pelvic  ray  has  been  already  described.  In  this 
specimen  the  luminous  granules  which  are  so  conspicuous  on  the 
dorsal  and  anal  fins  of  the  males  are  almost  lacking. 

Alternating  with  the  bases  of  the  twelve  supra-caudal  raylets 
are  small  patches  of  lemon  yellow  luminous  material.  Two  large 
organs  of  the  same  substance  lie  at  the  bases  of  the  last  three  rays 
extending  downward  over  the  flesh  of  the  base  of  the  caudal  fin  for  a 
short  distance.  The  whole  arrangement  is  reminiscent  of  the  lumi- 
nous supra-caudal  scales  of  the  Myctophid  genus  Lampanyctus. 
The  uppermost  five,  true,  terminal,  caudal  rays  have  luminous 
granules  between  them,  while  the  lowermost  support  the  largest  of 
the  caudal  organs;  this  extends  for  about  2.7  mm  over  the  basal 
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portions  of  the  middle  lower  rays,  with  a smaller  distal  finger  lying 
ventral  to  the  parallel  from  the  main  organ.  These  latter  yellow 
organs  were  exceedingly  brilliant  in  the  fresh  fish.  The  seven  infra- 
caudal  raylets  also  have  small  amounts  of  luminous  material  alter- 
nating with  their  bases. 

Adult  Female  Osteology:  In  the  study  of  the  osteology  of  the 
adult  female,  the  267  mm  specimen  of  Idiacanthus  fasciola  just  de- 
scribed has  been  compared,  after  clearing  and  staining,  with  an 
example  of  I.  panamensis  measuring  350  mm  in  length  (see  page  237 
for  trawling  data)  and  similarly  treated.  With  the  exception  of  the 
shape  of  the  vertebrae  the  configuration  of  the  bones  in  the  two 
species  is  practically  identical.  The  smaller  fish,  however,  although 
in  full  breeding  condition,  is  everywhere  noticeably  less  strongly 
stained,  while  the  skull  proper  and  the  teeth — both  of  which  show 
strong  ossification  in  the  larger  specimen — are  more  faintly  colored. 
In  other  respects  the  relative  ossification  of  various  areas  is  very 
similar  in  both  species:  The  jaws,  parasphenoid,  frontal  ridges, 
hyoid  and  branchial  apparatus  and  the  barbel  bone  are  most  deeply 
stained,  but  the  palato-pterygoid  arcade,  preopercle,  opercular 
ridges,  pectoral  girdle,  vertebral  column,  finrays  and  vertebral  ap- 
pendages also  show  strong  ossification.  In  neither  specimen  do  the 
opercle,  subopercle  and  interopercle  show  more  than  traces  of  stain. 

The  similarities  in  the  shapes  and  relations  of  the  bones  in 
these  two  fish  indicate  that  the  variation  in  amount  of  ossification  is 
due,  not  to  specific  differences,  but  to  the  continued  deposition  of 
bony  matter  after  full  maturity  has  been  attained. 

The  various  portions  of  the  skeleton  are  described  in  detail 
below. 

Adult  female  skull:  At  first  glance  the  skull  seems  to  be  poorly 
ossified,  even  in  the  larger  specimen,  but  this  is  due  to  the  small  size 
of  the  cranium  proper  and  to  the  great  length  and  slenderness  of  the 
principal  components  of  the  opercular  and  the  oro-mandibular 
areas  and  of  the  branchial  apparatus.  Individually  many  of  the 
bones  show  thorough  but  delicate  ossification. 

The  cranium,  viewed  from  above,  (Fig.  69)  shows  an  abruptly 
broadened  posterior  portion,  narrowing  to  about  one-half  of  the 
width  in  front  of  the  sphenotics,  thence  sloping  forward  to  expand 
again  into  the  mesethmoids.  In  both  I.  fasciola  and  I.  panamensis 
of  the  present  collection  the  cranium  is  considerably  broader  posteri- 
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orly  than  is  shown  in  the  figure  of  Regan  and  Trewavas  (1930,  p.  48, 
fig.  20B).  This  distinction  is  true  even  in  smaller  specimens. 

The  elements  of  the  broad,  posterior  brain  case  proper  are 
strongly  fused,  in  some  cases  the  limits  of  the  bones  being  evident 
rather  by  varying  thickness  of  ossification  than  by  actual  lines  of 
demarcation. 

The  largest  element  of  the  postorbital  area  is  the  supraoccipital. 
Posteriorly  it  curves  backward  over  the  exoccipitals,  while  on  each 
posterior  side  the  large,  rounded  epiotics  describe  a curve  in  its  con- 
tour. Anteriorly,  its  exact  extent  is  lost  beneath  the  over-growing 
frontals,  leaving  exposed  a good-sized  anterior  tongue  and  steeply 
sloping  sides.  The  extreme  center  is  marked  by  a mass  of  bubble- 
like mucous  openings.  The  pterotics  lie  outside  the  epiotics,  equal 
to  the  latter  in  area,  but  irregularly  elongate  antero-posteriorly, 
projecting  strongly  backward  at  the  postero-lateral  angles  of  the 
cranium.  The  sphenotics  resemble  in  size  and  general  shape  the 
epiotics.  They  form  the  major  parts  of  a pair  of  triangles  anterior 
to  the  pterotics,  the  apex  of  each  projecting  sharply  out  on  the  side 
of  the  cranium. 

The  mid-portion  of  the  skull,  composed  wholly  of  the  frontals, 
is  narrow  only  in  comparison  with  the  wide  posterior  area.  The 
frontals  are  of  great  extent,  the  two  anterior  points  widely  divergent. 
Along  the  midline  this  pair  of  bones  is  closely  apposed  except  for  the 
central  third  of  their  length.  Here  they  are  considerably  divergent. 
Behind  this  area  they  close  up  again,  finally  to  separate,  outlining 
the  anteriorly  directed  tongue  of  the  supraoccipital  and  sloping 
sharply  posteriorly  over  the  lateral  extent  of  the  supraoccipital  to 
die  out  in  an  irregular  line  of  ossification  near  the  anterior  edge  of  the 
epiotics.  The  most  strongly  ossified  area  of  the  entire  cranium  is 
that  of  the  pronounced  frontal  ridges  extending  near  the  outer 
borders  of  the  bones  from  the  anterior  tips  as  far  back  as  the  junc- 
tions with  the  sphenotics.  From  here  posteriorly  these  ridges  be- 
come covered  tubes  extending  out  to  the  very  tip  of  the  posterior 
projection  of  the  pterotics. 

Anterior  to  the  frontals  and  hardly  less  strongly  ossified  are  the 
two  wide,  lateral  wings  of  the  mesethmoid.  In  the  center  line 
anteriorly  this  bone  curves  abruptly  downward  and  expands  at  once 
into  a broad  and  almost  transparent  plate  which  covers  the  vomer. 
In  no  specimen  are  lateral  ethmoids,  figured  by  Regan  and  Trewavas 
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(, loc . cit.)  distinguishable  from  the  surrounding  tissue,  even  as  carti- 
laginous elements.  The  nasal  bones  are  much  reduced,  appearing 
only  as  two  imperfect,  short  tubes  near  the  center  of  each  lateral 
mesethmoid  wing. 

Adult  female  palato-pterygoid  arcade:  (Fig.  70).  The  hyoman- 
dibular  is  a remarkably  shaped  bone  with  a trilobed  head  and  a long 
slender  body.  The  markedly  ridged  and  strongly  ossified  center  of 
the  head  sends  a large,  triangular  flange  upward,  the  flat,  farthest 
edge  of  which  articulates  with  the  outer  side  of  the  pterotic.  Down- 
ward and  forward  extends  a second  delicately  ossified,  wing-like 
flange  while  posteriorly  a strong,  narrow  arm  articulates  with  the 
main  head  of  the  opercle  and  the  superior  end  of  the  preopercle. 
The  remainder  of  the  hyomandibular  extends  backward  as  a long 
and  slender  bone,  slightly  thickened  in  the  mid-area  and  finally 
articulating  closely  with  the  ends  of  the  preopercle  and  the  quadrate. 
The  quadrate  in  the  shape  of  an  elongate  triangle  has  its  superior 
profile  closely  applied  along  half  of  the  elongate  body  of  the  hyoman- 
dibular. Just  anterior  to  it,  bounded  above  by  the  body  of  the 
hyomandibular  and  below  by  the  pterygoid,  lies  the  irregularly 
semicircular  metopterygoid.  Both  of  these  bones  are  thin  and  leaf- 
like but  decidedly  ossified.  The  pterygoid  is  a long,  thin,  spine-like 
bone  commencing  at  the  lower  anterior  end  of  the  quadrate;  it  ex- 
tends forward  parallel  to,  but  at  considerable  distance  from,  the 
hyomandibular  until  it  articulates  with  the  palatine  at  about  three- 
fourths  of  the  distance  from  the  angle  of  the  jaw  to  the  tip  of  the 
premaxilla.  Just  before  its  articulation  it  widens  slightly.  The 
palatine  at  its  point  of  attachment  is  of  equal  width  and  then  ex- 
tends forward  becoming  narrow  until  it  suddenly  expands  into  a 
spoon-shaped  enlargement  at  its  attachment  to  the  mesethmoid 
and  the  premaxilla.  Halfway  down  its  length  it  is  armed  with  two 
or  three  pairs  of  strong,  fang-like  teeth.  The  vomer  is  small  and 
supports  a single  pair  of  teeth  slightly  larger  than  those  on  the 
palatine.  From  this  point  backwards  extends  the  strongly  ossified, 
rod-like  parasphenoid. 

Adult  female  jaw  apparatus:  (Figs.  60,  70,  72).  The  bones  of 
the  jaws  while  slender  and  rod-like  are  strongly  ossified  and  all  of  them 
support  a powerful  dentition.  Each  premaxillary  has  a pronounced 
upward  projection  at  the  point  of  juncture.  From  here  it  extends 
along  the  upper  jaw  for  about  forty  per  cent  of  its  entire  length. 
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The  maxillary  begins  as  a narrow,  ossified  splinter  directly  under  the 
expanded  portion  of  the  palatine  and  extends  backwards  with 
gradually  increasing  surface,  forming  the  actual  edge  of  the  jaw  for 
the  posterior  sixty  per  cent.  Throughout  its  length  it  maintains  its 
narrow,  rod-like  character  with  very  slight  enlargement  at  its 
posterior  attachment.  For  more  than  the  posterior  third  of  the 
entire  length  of  the  maxillary  its  upper  profile  is  formed  by  the  dis- 
tinctly separate  supramaxillary.  The  mandible  is  by  far  the  largest 
and  stoutest  bone  of  the  head.  The  dentary  forms  the  major  part, 
the  articular  showing  as  a broad  wedge  driven  down  the  center  to  a 
distance  of  over  half  the  entire  length  of  the  jaw.  The  angular  is 
hardly  to  be  detected  as  a separate  element  near  the  extreme  inferior 
profile  of  the  articulating  process.  For  details  of  the  dentition  see 
page  197. 

Adult  female  opercular  bones:  (Fig.  70).  The  opercular  bones, 
while  all  present,  are  of  the  thinnest  imaginable  ossified  tissue,  being 
marked  strongly  only  along  their  supporting  ridges.  From  the  large 
articular  head  of  the  opercle  two  strong,  rod-like  ridges  diverge,  one 
toward  the  upper  edge  and  the  other  throughout  its  length  to  the 
posterior  edge.  Below  this,  only  imperfectly  demarcated,  are  the 
subopercular  and  the  interopercular  areas,  continuing  the  delicate, 
membrane-like  opercular  contours.  The  preopercle  on  the  other 
hand  is  a strongly  ossified,  rod-like  bone  extending  from  the  posterior 
arm  of  the  head  of  the  hyomandibular  and  closely  paralleling  its 
body  to  the  point  of  junction  at  the  angle  of  the  upper  jaw.  For 
about  one-half  of  their  length  the  two  bones  are  firmly  ossified  to- 
gether, separating  just  before  the  jaw  angle  to  form  a large,  oval 
foramen. 

Adult  female  circumorbital  bones:  (Fig.  69).  The  only  structure 
which  can  be  classed  in  this  category  is  a supra-orbital  appearing  as 
a lateral  expansion  of  the  frontals.  It  is  quite  unossified,  but  of 
cartilaginous  consistency. 

Adult  female  hyoid  arch : (Fig.  71).  The  upper  end  of  the  long, 
slender  interhyal  lies  close  to  the  hyomandibular,  but  is  not  definitely 
attached  to  any  particular  tissue,  at  about  the  beginning  of  its  point 
of  ossification  with  the  opercular.  The  epihyal,  which  is  only 
slightly  longer  than  the  interhyal,  is  about  three  times  as  wide  and 
gives  rise  to  five  branchiostegals.  One  of  these  arises  near  the  an- 
terior end.  The  other  four  are  bunched  close  to  the  articulation  with 
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Fig.  69.  Skull  of  adult  female,  dorsal  view.  ( X 15). 
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Fig.  70.  Bones  of  head  and  pectoral  girdle  in  adult  female,  lateral  view.  ( X 5.5). 
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Fig.  71.  Hyoid  arch,  branchial  apparatus,  and  anterior  part  of  vertebral  column  in  adult  female.  The  interhyal  has  been  detached 
(normal  position  indicated  by  star)  and  the  basibranchials  pushed  upwards  in  order  to  show  all  of  the  elements  clearly.  ( X 5.5). 
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Fig.  72.  Disjointed  elements  of  jaw  angle  of  adult  female. 


the  interhyal  and  of  these  the  posterior  three  seem  to  have  but  one 
definite  point  of  insertion.  The  ceratohyal  is  three  times  as  long  as 
the  epihyal,  broad  at  both  ends  but  gradually  narrowing  to  an  ex- 
tremely slender  center.  It  gives  rise  to  seven  branchiostegal  rays. 
Directly  in  front  is  the  basihyal,  a rather  broad  rectangle  having  a 
curved  posterior  profile  but  vertical  in  front,  from  which  springs  the 
enlarged  base  of  the  barbel.  Between  the  two  basihyals,  closely 
posterior  to  the  origin  of  the  barbel,  is  a single  crescent-shaped  sup- 
porting bone  affording  attachment  to  the  controlling  muscles  of  the 
barbel.  Five  branchiostegals  arise  from  the  basihyal.  It  equals  the 
epihyal  in  length.  Immediately  above  the  basihyal  and  articulating 
along  its  entire  upper  profile  is  the  urohyal,  quite  evenly  triangular 
in  shape.  From  the  upper  anterior  angle  extends  forward  the  glosso- 
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hyal,  which  is  about  equal  to  the  urohyal  in  length  but  slender  and 
rod-like,  and  ossified  only  for  its  basal  two-thirds. 

Adult  female  branchial  apparatus:  (Fig.  71).  The  first  basi- 
branchial  in  shape  and  size  closely  resembles  the  urohyal  and  sup- 
ports two  pairs  of  slender,  fang-like  teeth.  The  second  basibranchial 
is  almost  twice  as  long  as  the  first,  medianly  slender,  expanding  at 
both  ends.  Near  the  center  it  also  gives  rise  to  two  pairs  of  strongly 
recurved  fangs.  The  third  basibranchial  is  about  as  long  as  the  first 
but  much  more  slender,  especially  posteriorly.  Near  the  posterior 
end  of  this  third  basibranchial  there  are  faint  indications  of  demarca- 
tion into  a fourth.  Posterior  to  this  there  is  an  unossified  cartilagi- 
nous mass  of  connective  tissue  which  from  the  point  of  view  of 
physiological  function  might  be  called  the  fifth  basibranchial. 

Three  hypobranchials  are  plainly  indicated.  The  first  is  one- 
third  longer  than  the  second,  both  of  which  are  similar  in  shape,  a 
narrow  median  portion  connecting  expanded  ends.  The  third  is  only 
one-half  as  long  as  the  second  and  anomalous  in  both  shape  and 
position.  Its  rather  broadly  expanded  base  is  attached  to  the  narrow 
posterior  neck  of  the  questionable  fourth  basibranchial  while  its 
anterior  end  is  slightly  bifurcated,  quite  free  and  directed  downward. 

There  are  five  ceratobranchials,  all  slender  and  rod-like  with 
somewhat  enlarged  ends.  The  first  and  second  are  normal  as  to 
their  anterior  articulations.  The  third  articulates  equally  with  the 
attached  base  of  its  abnormal  hypobranchial.  The  fourth  and  fifth 
articulate  with  the  cartilaginous  posterior  extension  of  the  basi- 
branchial elements.  Each  of  the  first  four  ceratobranchials  at  its 
distal  end  is  attached  to  a remarkable,  slender  band  of  elastic  liga- 
ment or  tissue,  in  each  case  about  half  the  length  of  the  cerato- 
branchial.  These  ligaments  are  apparently  specialized  characters 
for  allowing  great  distension  of  the  entire  branchial  apparatus,  ap- 
parently an  aid  in  swallowing  prey  of  great  size.  The  fifth  cerato- 
branchial,  while  differing  from  its  fellows  in  neither  size  nor  shape, 
ends  abruptly  with  no  hint  of  ligamentous  or  other  continuations. 

The  distal  extremities  of  the  connecting  ligaments  are  connected 
with  the  four  epibranchials,  all  of  which  are  slender  and  rod-like. 
The  first  curves  slightly  forward  and  ends  in  a separate  short, 
straight  pharyngo-branchial.  This  element  in  turn  is  succeeded  by 
a short  but  distinct  suspensory  pharyngeal  which  lies  just  below  and 
at  one  side  of  the  unossified  first  vertebra.  Anteriorly  it  articulates 
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loosely  with  the  exoccipital.  The  third  epibranchial  shows  a slightly 
curved  hook  on  the  posterior  side  near  the  upper  end,  perhaps  a 
disappearing  remnant  of  a former  bifurcation.  The  upper  end 
articulates  closely  with  a pharyngo-branchial  of  bizarre  shape. 
From  the  point  of  articulation  a long  narrow  rod  extends  upward 
and  anteriorly,  articulating  with  the  second  pharyngo-branchial. 
From  the  ventral  surface  of  the  third  pharyngo-branchial,  close  in 
front  of  the  articulation  of  the  epibranchial,  are  two  to  four  sharp 
teeth.  Posteriorly  the  pharyngo-branchial  expands  into  a wide 
plate  and  from  the  lower,  posterior  angle  of  this  area  a small  separate 
ossification  gives  rise  to  a cluster  of  four  or  five  large,  downwardly 
projecting  teeth.  The  fourth  epibranchial  shows  no  attachment  to  a 
pharyngo-branchial  and  its  bifurcation  takes  the  place  of  two 
oppositely  directed  arms,  giving  to  the  whole  a shape  like  a slender 
tack  hammer. 

Adult  female  pectoral  girdle:  (Fig.  70).  Correlated  with  the 
total  absence  of  pectoral  fins  in  the  adult  is  a simplified  pectoral 
girdle.  The  post-temporal  is  a slender  rod  of  bone  slightly  bent  at 
its  upper  end,  the  whole  sloping  obliquely  forward.  It  is  widely 
displaced  from  normal  connection  with  the  epiotic,  its  center  lying 
at  the  vertical  of  the  articulation  between  the  second  and  third 
ossified  vertebrae.  The  distance  of  this  posterior  dislocation  from 
its  normal  point  of  attachment  is  almost  equal  to  the  length  of  the 
entire  skull.  Below  it,  and  not  closely  attached,  we  find  the  upper 
end  of  the  supracleithrum  which  extends  in  a downward  curve  to 
about  three  times  the  length  of  the  post-temporal.  Close  behind  its 
upper  head  arises  the  closely  welded  cleithrum  which  increases  in 
size  in  the  course  of  its  downward  curve  until  it  ends  in  a forwardly 
directed  knob,  its  total  length  being  almost  twice  that  of  the  supra- 
cleithrum. 

Adult  female  pelvic  girdle:  The  pelvic  girdle  consists  of  a pair  of 
small,  triangular,  moderately  well  ossified  bones  far  separated  from 
each  other.  They  lie  immediately  above  the  firmly  ossified  rays  of 
the  pelvic  fin. 

Adult  female  vertical  fins  and  baseosts:  (Fig.  73).  The  dorsal  and 
anal  finrays  are  all  well  ossified.  The  anterior  margin  of  the  expanded 
base  of  each  is  prolonged  into  the  pair  of  short,  external  spines 
characteristic  of  the  genus,  while  there  is  an  exactly  similar  pair 
arising  from  the  posterior  edge  of  the  base,  oppositely  directed  and 
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imbedded  in  the  skin.  This  reinforced  base  is  notched  longitudinally 
and  hinges  loosely  upon  one  side  of  a triangular,  leaf-like  bit  of  bone. 
The  latter  is  attached  by  its  opposite  angle  to  the  middle  of  a strong, 
rod-like  baseost  which  is  placed  horizontally  close  beneath  the  skin. 
Each  baseost  touches  its  neighbors  and  shows  no  connection, 
either  direct  or  indirect,  with  the  vertebral  column,  while  the  suc- 
cession of  baseosts  and  finrays  is  quite  independent  of  the  vertebrae. 
Hence  a continuous  supportive  rod  is  formed  along  the  base  of  each 
fin  which,  in  the  early  stages  of  growth  and  while  still  cartilaginous, 
must  serve  by  the  extension  of  its  elements  as  a plough  of  sorts, 
boring  forward  through  the  flesh,  heading  the  great  anterior  migra- 
tion of  the  dorsal  and  anal  rays.  The  triangular,  central  projections 
are  minute  anteriorly,  but  toward  the  posterior  parts  of  the  fins  they 
become  much  enlarged  and  the  baseosts  are  correspondingly  more 
deeply  sunken  in  the  flesh.  As  has  been  previously  explained,  the 
most  posterior  of  the  finrays  remain  crowded  together  in  the  same 
positions  as  in  the  larvae;  as  is  to  be  expected,  their  underlying 
baseosts  are  much  shorter  than  the  rest. 

Adult  female  vertebral  column:  The  entire  vertebral  column  and 
its  appendages  are  well  ossified  with  the  exception  of  the  first  verte- 
bra. Counting  this  element  and  the  urostyle  there  are  78  vertebrae. 

As  in  the  young  fish  the  centra  are  all  biconcave  and  completely 
lack  zygopophyses.  Their  adult  character  is  manifested  in  their 
proportions:  all  except  a few  at  the  beginning  and  end  of  the  column 
are  considerably  greater  in  length  than  in  maximum  diameter,  and 
are  much  narrowed  medially,  so  that  in  shape  they  resemble  elon- 
gated hour  glasses.  This  distinctive  adult  shape  is  exaggerated  in 
direct  proportion  to  the  length  of  the  fish  (Fig.  61D,  E).  The  most 
anterior  vertebrae  are  small  and  relatively  deep  (2.4  mm  long,  by 
1.6  mm  maximum  diameter,  by  .9  mm  minimum  diameter,  in  the 
267  mm  specimen  from  Bermuda).  The  maximum  size  is  reached  at 
about  the  origin  of  the  dorsal  fin  (4.6  mm  by  2.2  mm  by  .75  mm). 
This  size  is  maintained  until  the  level  of  the  ninth  or  tenth  anal  rays 
is  reached,  where  the  elements  become  gradually  smaller,  the  last 
centrum  before  the  urostyle  measuring  only  .6  mm  by  .4  mm  by  .16 
mm. 

The  unossified  first  vertebra  (Fig.  71)  has  no  appendages  what- 
ever. It  is  capable  of  considerable  extension  antero-posteriorly  and 
its  dorsal  and  ventral  halves  can  expand  and  contract  alternately,  so 
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Fig.  73.  Tenth  dorsal  ray,  baseost  and  vertebra  from  adult  female,  standard  length 
267  mm. 

that  the  element  actually  functions  at  once  as  neck  and  muscle. 
This  makes  possible  both  an  up  and  down  movement  of  the  head  and 
a forward  thrust,  which  must  increase  tremendously  the  efficiency  of 
the  jaws  in  seizing  prey.  When  we  add  to  the  90  degrees  drop  of  the 
lower  jaw  an  upward  lift  of  the  upper  jaw  and  cranium  to  an  equal 
extent,  the  ingestive  ability  of  this  genus  is  seen  to  be  about  one 
hundred  per  cent. 

The  second,  third  and  fourth  vertebrae,  although  the  centra  are 
somewhat  juvenile  in  size  and  shape,  are  firmly  ossified.  On  the 
anterior  dorsal  region  of  each  is  a pair  of  well  developed  neuropo- 
physes  having  stout  neural  spines,  the  latter  becoming  reduced  in 
size  posteriorly.  There  is  no  tendency  toward  fusion  to  form  neural 
arches.  From  the  base  of  each  neuropophysis  arises  a long  and 
slender  epineural,  a little  longer  than  the  centrum.  Finally,  from 
close  to  the  ventral  mid-line  of  each  centrum  is  a pair  of  feebly 
developed  parapophyses,  each  giving  rise  to  a rib,  scarcely  differenti- 
able from  its  parapophysis  and  longer  than  the  epineurals. 

Beginning  with  the  fifth  element  (the  fourth  ossified  vertebra) 
the  neural  spine  disappears,  except  for  an  occasional  reappearance  as 
a minute  knob,  until  the  several  neural  arches  are  formed,  far  back 
close  to  the  caudal  base.  In  the  absence  of  the  neural  spines,  the 
neuropophyses  become  as  slender  as  the  epineurals  to  which  they 
still  give  rise  (Fig.  73).  These  backwardly  directed  structures  are 
now  relatively  much  longer  than  in  the  anterior  part  of  the  column, 
being  over  2.5  times  as  long  as  the  centra.  Beneath  the  posterior 
part  of  the  dorsal  fin,  however,  the  neuropophyses  become  enlarged, 
while  the  epineurals  are  reduced  and  finally  lost  with  the  formation 
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of  the  neural  arches  and  their  attendant  specializations  at  the  end 
of  the  fin. 

Also  beginning  with  the  fifth  vertebra  long  epipleurals,  identical 
in  length  and  diameter  with  the  ribs,  arise  at  the  very  base  of  the 
latter;  these  two  ventral  elements  do  not  increase  in  length  to  the 
same  extent  as  the  epineurals,  being  now  somewhat  shorter  than  the 
latter.  Like  them  they  conform  to  the  slenderness  of  the  body  by 
curving  almost  horizontally  backwards.  The  parapophyses  increase 
in  size  after  the  tenth  anal  ray,  developing  central  foramens  and  a 
short  spine  anterior  to  the  ribs  and  epipleurals.  Both  of  the  latter 
elements  gradually  shorten,  the  epipleurals  dying  out  at  the  four- 
teenth vertebra  before  the  last,  and  the  ribs  at  about  the  tenth, 
although  vestiges  remain  attached  to  the  specialized  parapophyses  of 
the  more  posterior  vertebrae.  Corresponding  to  the  lack  of  neural 
arches  and  spines  throughout  most  of  the  length  of  the  column, 
haemal  arches  are  formed  only  behind  the  end  of  the  anal  fin  (see 
below). 

Adult  female — the  posterior  part  of  the  vertebral  column  and  the 
caudal  fin:  (Fig.  74).  Usually  the  first  vertebra  to  show  caudal 
specialization  is  the  72nd  or  sixth  anterior  to  the  urostyle  segment. 
This  centrum  shows  a noticeable  decrease  in  length  (1.67  mm  as 
compared  with  1.88  mm  of  the  two  preceding  centra),  as  well  as  the 
first  appearance  of  a neural  arch  with  a single,  strong,  median  neural 
spine.  Posterior  to  the  triangular  neural  arch  there  is  a similar 
bony  structure  which  extends  from  the  base  to  the  tip  of  the  arch. 
It  is  fused  with  the  left  base  and  the  tip  of  the  neural  arch.  Between 
the  upper  two-thirds  of  the  structure  there  is  a clear  unossified 
area.  This  is  the  only  dorsal  appearance  of  such  a double  structure 
in  the  posterior  half  of  the  body.  It  could  easily  be  passed  by  as  an 
abnormality  or  as  evidence  of  a pseudo-double  vertebra,  but  this 
extra  support  and  strengthening  appears  where  it  is  most  needed 
in  a gap  free  of  fin  rays  midway  between  the  last  posterior  dorsal  ray 
and  the  first  anterior  caudal  ray  let.  There  is  also  an  anterior 
median  projection  from  the  dorsal  side  of  the  neural  spine. 

There  are  two  separate  haemal  bases,  each  with  irregular  narrow 
spines.  The  left  one  extends  posteriorly  to  the  haemal  process  of  the 
following  centrum  while  the  right  one  extends  only  midway.  A 
narrow  ridge  of  bone  with  several  teeth-like  serrations  extends  the 
full  length  of  the  haemal  base.  At  the  distal  end  this  broadens  into 
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Fig.  74.  Posterior  vertebral  column  and  base  of  caudal  fin  in  adult  female.  ( X 8.5). 

two  prong-like  projections,  one  directed  dorsally  and  the  other 
ventrally. 

The  centrum  of  the  73rd,  or  the  fifth  vertebral  process  anterior 
to  the  urostyle,  is  situated  directly  below  the  first  caudal  raylet. 
The  general  form  is  similar  to  the  72nd.  The  centrum  is  shorter 
(1.34  mm)  than  the  preceding  but  the  depth  is  the  same  (.75  mm 
at  the  articulating  edge  and  .32  at  the  center).  The  neural  base  is  a 
little  longer  and  has  small  median  anterior  and  posterior  projec- 
tions at  its  distal  end  and  a short  prong  which  divides  into  two  lateral 
barbs.  The  strong  neural  spine  extends  backward  to  the  anterior 
projection  of  the  following  process. 

The  haemal  process  of  the  73rd  vertebra  is  very  like  the  pre- 
ceding but  greatly  simplified  with  only  a hint  of  extraneous  struc- 
tures and  almost  symmetrically  paired  spines  that  extend  to  and 
touch  the  tip  of  the  next  posterior  haemal  process.  The  74th  and 
75th  vertebrae  are  alike  in  every  way  but  details.  The  posterior 
centrum  is  shorter  than  the  preceding,  the  74th  being  1.08  mm  and 
the  73rd  .91  mm  long.  The  neural  spines  of  both  have  developed 
into  broad  flat  bones  that  occupy  most  of  the  area  between  the  ray 
bases  and  the  tip  of  the  neural  arch.  There  are  anterior  and  posterior 
projections  from  the  spines  which  extend  as  far  as  similar  projec- 
tions from  adjacent  structures.  The  haemal  spines  have  become 
strong  and  dagger-like  and  each  touches  the  anteriorly  directed  basal 
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projections  of  the  next  posterior  spine.  The  first  haemal  arch  ap- 
pears in  the  74th  process. 

The  76th  and  77th  vertebrae  are  almost  identical  part  for  part, 
dorsal  and  ventral.  The  lengths  of  the  centra  (.81  mm)  are  the  same. 
The  distances  between  the  centra  become  wider  as  we  approach  the 
urostyle. 

Prolonged  neural  and  haemal  spines  appear  for  the  first  time  in 
the  76th  and  77th  vertebrae.  These  extend  into  the  caudal  contour 
and  form  a definite  part  of  this  structure.  Each  spine  is  a strong, 
long,  flat  bone,  which  becomes  gradually  broader  at  the  distal  end. 

The  urostyle  is  ossified  only  in  the  anterior  part  which  resembles 
an  unspecialized  half  centrum.  The  upturned  posterior  end  has  only 
a fragmentary  patch  of  bone  scattered  over  the  dorsal  and  ventral 
surfaces  as  far  as  the  position  of  the  third  hypural.  No  separate 
segments  can  be  detected  in  the  clear,  unossified,  tapering  end  of 
the  urostyle.  This  is  a distinct  contrast  to  the  urostyle  development 
in  some  of  the  shallow-water  Isospondylids  where  ossification  is 
dense  and  several  separate  segments  are  prominent  in  the  upturned 
end. 

The  entire  dorsal  surface  of  the  urostyle  is  covered  by  a broad, 
saddle-shaped  neural  structure  that  extends  posteriorly  into  the 
caudal  contour.  There  is  one  well  defined  epural  that  extends  along 
the  dorsal  surface  of  this  bone.  At  its  proximal  end  it  appears  to  be 
imbedded  in  the  neural  structure  that  covers  the  urostyle. 

There  are  six  hypurals,  three  dorsal  and  three  ventral  to  the 
median  axis.  These  bones  are  elongate,  flattened,  and  triangular. 
The  first  hypural  on  the  ventral  surface  is  the  longest  and  the  second 
is  the  broadest  of  the  six.  Both  the  arch  and  the  prolonged  spinal 
part  of  each  hypural  becomes  shorter  in  each  successive  dorsal  bone. 
The  remains  of  the  haemal  arch  of  the  sixth  hypural  on  the  dorsal 
surface  is  rudimentary.  None  of  the  arches  are  attached  directly  by 
ossified  structure  to  the  urostyle.  There  is  a clear  unossified  area 
between  the  arches  and  the  urostyle.  The  distal  ends  of  the  three 
dorsal  and  the  three  ventral  hypurals  broaden  out  and  form  two 
almost  solid  fan-like  units.  The  wide  gap  between  the  dorsal  and 
ventral  units  is  partly  solidified  by  two,  thin,  median  wings  of  bone. 
Attached  to  and  extending  between  the  tips  of  the  two  central 
hypurals  is  a prominent  ligamentous  band. 

In  the  external  and  internal  characters  the  ventral  half  of  the 
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caudal  fin  is  more  developed  than  the  dorsal  half.  The  longest 
ventral  rays  extend  three  millimeters  or  more  beyond  the  dorsal  rays 
and  are  stouter  and  more  heavily  ossified.  The  ventral  hypurals  are 
longer  and  heavier  than  the  dorsal  hypurals. 

The  sequence  of  raylets  and  rays,  counting  from  the  anterior 
dorsal  around  to  the  ventral  is  14  + 10  + 10  + 7 = 24/17.  The 
first  dorsal  and  ventral  rays  are  rudimentary  and  entirely  embedded 
in  the  tissues,  and  in  uncleared  specimens  both  are  invisible.  The 
first  anterior  dorsal  ray  and  the  first  and  second  anterior  ventral  rays 
are  only  slightly  more  developed  than  the  raylets  that  immediately 
precede  them,  but  the  rays  possess  the  character  that  distinguishes 
them  from  raylets,  that  of  cross  bars. 

There  are  four  strongly  ossified  ventral  rays,  the  third,  fourth, 
fifth  and  sixth — the  last  three  of  which  are  bifid  for  the  posterior 
half  of  their  length. 

The  first  ventral  ray  has  a single  cross  bar  near  its  tip  which  is 
in  line  with  the  first  bar  at  the  basal  end  of  the  second  ray.  This  has 
six  bars  commencing  half  way  between  the  base  and  the  tip.  The 
second  ray  is  a little  broader  and  twice  the  length  of  the  first  and 
more  heavily  stained  than  any  of  the  preceding  rays  or  raylets. 
Posterior  to  the  third  bar  the  ray  becomes  thread-like  and  diminishes 
to  less  than  half  the  width  at  its  basal  end. 

The  first  and  second  ventral  rays  are  attached  to  the  second,  or 
last,  prolonged  haemal  spine  which  forms  part  of  the  caudal  contour. 

There  are  three  strongly  ossified  and  elongated  dorsal  rays,  the 
second,  third  and  fourth.  In  size  none  are  as  stout  as  the  correspond- 
ing ventral  rays.  The  first  anterior  dorsal  ray  is  twice  the  length  of 
the  preceding  raylet,  half  the  length  of  the  following,  or  second  ray, 
and  has  three  or  four  cross  bars. 

Adult  Female  Digestive  System:  (Figs.  62F,  75).  The  alimentary 
canal  measures  56  per  cent  of  the  standard  length,  slightly  more 
than  in  the  transitional  adolescent.  This  relative  increase  in  length 
is  caused  principally  by  the  elongation  of  the  oesophagus,  which  in 
turn  is  due  to  the  reduced  size  of  the  head.  The  black  stomach  is 
short  compared  with  its  size  in  many  Stomiatoids,  such  as  Stomias 
and  the  more  elongate  Melanostomiatids.  It  is  contained  6.1  times 
in  the  standard  length  and  ends  just  short  of  the  plane  of  the  pelvic 
fins.  The  two  caeca  are  well  developed,  the  more  posterior  being  the 
larger  and  about  equal  in  length  to  the  pyloric  canal  joining  stomach 
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Fig.  75.  Yentral  views  of  anterior  one-quarter  of  digestive  and  reproductive  organs  in 
breeding  adults.  Left,  female,  standard  length  267  mm;  right,  male,  standard  length  35 
mm.  The  relative  length  of  the  alimentary  canal  in  the  two  specimens  is  shown  by  the 
straight  lines,  the  portion  figured  being  solid,  the  remainder  broken. 


220 


Zoologica:  N.  Y.  Zoological  Society 


[XVI;  4 


and  intestine.  The  liver  is  single-lobed  and  almost  as  long  as  the 
oesophagus,  relatively  much  longer  than  in  any  preceding  stage. 
It  broadens  slowly  from  its  anterior  point  beneath  the  oesophagus 
until  the  posterior  portion  extends  upwards  around  the  oesophagus 
and  completely  surrounds  it.  The  left  side  of  its  terminal  edge  is 
drawn  out  into  an  attenuated  tip.  The  pancreas  is  a thin  layer  of 
tissue  lying  between  the  anterior  half  of  the  liver  and  the  oesophagus, 
scarcely  distinguishable  in  the  preserved  specimen  from  the  sub- 
stance of  the  liver.  The  deflated  gall  bladder  is  almost  a third  as 
long  as  the  liver,  lying  above  that  organ's  posterior  right  end.  The 
bile  duct  is  even  shorter  than  in  the  transitional  adolescent,  the 
bladder  being  very  close  to  the  pyloric  region.  The  spleen  lies  above 
and  behind  the  posterior  end  of  the  bile  duct.  The  intestine  is 
perfectly  straight  and  smaller  in  diameter  than  the  oesophagus. 

The  following  measurements  were  taken:  Length  of  alimentary 
canal  150  mm;  oesophagus  length  30  mm;  oesophagus  breadth  3 mm; 
stomach  length  44  mm;  longest  caecum  5 mm;  maximum  liver 
length  25  mm. 

Adult  Female  Reproductory  System:  (Fig.  75).  The  left  ovary 
begins  13  mm  behind  the  mandibular  angle;  it  is  135  mm  long  with 
a maximum  breadth  of  4 mm  and  a maximum  thickness  of  2 mm. 
The  right  is  similar  except  that  it  originates  9 mm  behind  the  left. 
Both  are  broadest  toward  the  middle  of  their  lengths,  tapering 
gradually  anteriorily  and  posteriorly  to  rounded  ends.  The  eggs 
have  been  already  described. 

Adult  Male  Trawling  Data:  The  external  characters  are  based 
upon  the  following  specimen : Department  of  Tropical  Research  No. 
16,645;  Bermuda  Oceanographic  Expeditions  of  the  New  York 
Zoological  Society;  Net  770;  July  4,  1930;  12  miles  south  of  Nonsuch 
Island,  Bermuda;  700  fathoms;  Standard  length  38  mm. 

Adult  Male  Measurements  and  Counts:  Total  length  41.6  mm; 
standard  length  38  mm;  depth,  maximum,  at  dorsal  origin,  1.9  (in 
length  20);  depth,  minimum,  behind  anal  end,  1.1  (in  length  34.6); 
head  3.9  (in  length  9.7);  eye  1.1  (in  head  3.6,  in  length  34.6);  snout 
1.1  (in  head  3.6,  in  length  34.6);  dorsal  origin  to  caudal  base  24  (in 
length  1.6);  anal  origin  to  caudal  base  11  (in  length  3.5);  dorsal  rays 
62;  anal  rays  ca.  40;  caudal  rays  XII  + 10  + 9 + VII;  postorbital 
1.4  (in  head  2.8,  in  length  27.1);  serial  photophores:  branchiostegal 
organs  13;  lateral  series  49  (last  4 above  anal);  ventral  series,  I-A 
58  (last  5 above  anal),  A-C  20;  penis  1.3  (in  eye  .8). 
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Adult  Male  External  Characters:  (Figs.  47;  50F;  57A,  B;  66). 
In  many  ways  this  adult  fish  is  a typical  post-larva:  The  general 
color  is  dark  brown,  not  brownish  black  as  in  the  adult  female.  The 
greatest  depth  is  toward  the  middle  of  the  body,  not  at  the  shoulder, 
and  the  caudal  peduncle  is  relatively  deeper  than  in  the  female. 
The  head  is  more  than  a third  longer  in  proportion  to  the  length 
than  in  adult  females,  while  the  eye,  although  perfectly  round, 
firmly  fixed  in  the  socket  and  having  no  trace  of  stalk,  is  between  one- 
third  and  one-half  again  as  large  as  the  eyes  of  adult  females.  The 
snout  also  is  somewhat  longer  and  exceedingly  convex,  while  the 
female  snout  tends  to  concavity.  The  lower  jaw  is  strongly  curved 
and  projects  noticeably  beyond  the  upper.  The  premaxillary  is 
relatively  no  longer  than  in  the  larva,  although  it  has  the  upward 
anterior  projection  typical  of  this  group  of  fish;  the  maxillary,  al- 
though showing  an  increase  in  length  in  the  male  since  transitional 
adolescence  is  noticeably  shorter  relatively  than  in  the  female. 
Both  upper  and  lower  jaws  are  completely  edentulous. 

The  pectoral  nubbin  has  entirely  vanished  and  there  is  no  sign 
whatever  of  pelvic  fins.  The  dorsal  and  anal  rays  fall  within  the 
range  of  the  adult  female  counts,  but  are  soft  and  relatively  close 
together;  the  typical  inter-ray  spines  of  I diacanthus  are  present. 
The  shape  of  the  caudal  fin  is  the  same  as  in  the  female,  and  the 
numbers  of  elements  identical,  but  the  fin  is  contained  10.6  times  in 
the  standard  length  instead  of  about  33.3 — that  is,  the  fin  is  relatively 
more  than  three  times  as  long  as  in  the  female,  a character  normally 
indicating  immaturity  throughout  this  group. 

The  enormous  cheek  light  is  much  longer  than  the  eye;  a narrow 
subocular  portion,  evidently  fused  with  the  antorbital,  extends 
flush  with  the  anterior  border  of  the  eye;  behind  the  eye  the  organ 
is  enormously  swollen,  bounded  dorsally  by  the  horizontal  though 
the  middle  of  the  eye  and  ventrally  by  the  maxillary.  Its  maximum 
length  is  1.4  mm,  while  the  theoretical  maximum  depth  to  which  it 
might  be  opened  is  .7  mm.  In  this  and  all  of  the  other  adult  male 
specimens  in  the  collection,  however,  the  luminous  center  is  never 
more  than  half  exposed,  always  directed  downwards.  There  is  no 
trace  of  a barbel.  The  serial  photophores  are  well  developed,  violet 
in  the  fresh  specimen.  There  are,  however,  two  or  three  organs 
fewer  in  the  lateral  series  than  in  the  minimum  counts  for  adult 
females,  exactly  as  is  common  among  post-larvae. 
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Corresponding  to  the  luminous  material  at  the  bases  of  the 
teeth  in  the  adult  female,  there  is  a complete  line  of  luminescence 
within  each  of  the  transparent  jaw  bones  of  the  male.  This  is 
especially  noticeable  in  the  mandible.  There  is  no  luminous  line 
beneath  the  postorbital  light,  since  the  latter  organ  is  pressed  against 
the  maxillary.  On  the  body  a double  series  of  luminous  patches 
alternates  with  the  photophores  as  in  the  female,  the  lower  row  being 
the  stronger.  There  is  an  immense  quantity  of  luminous  granular 
matter  in  the  webbing  of  the  dorsal  and  anal  fins,  along  their  bases 
and  on  the  caudal  fin.  The  caudal  luminous  organs  are  essentially 
the  same  as  in  the  female,  except  that  the  dorsal,  peduncular  organ 
is  scarcely  differentiated  from  the  luminous  matter  between  the 
dorsal  caudal  raylets,  while  the  finger-like  process  of  the  organ  of 
the  lower  caudal  lobe  is  rudimentary. 

There  are  no  lesser  light  organs  on  head  or  body. 

Adult  Male  Osteology:  The  adult  male  is  extremely  difficult  to 
characterize  with  any  exactitude.  Some  of  the  osteological  elements 
cannot  be  distinguished  from  those  of  the  adult  female,  while  others 
show  various  degrees  of  interrupted  development  and  some  are 
almost  wholly  larvoid. 

The  degree  of  ossification,  while  very  slight  at  the  best,  varies 
so  greatly  that  no  two  males  show  it  to  the  same  extent.  Of  half  a 
dozen  specimens  subjected  to  the  clearing  and  staining  process  only 
three  absorbed  any  stain  whatever,  and  in  these  it  was  confined 
entirely  to  the  jaw  apparatus  and  its  supports,  to  the  region  of  the 
intromittent  organ,  and  to  the  caudal  fin.  The  particular  areas  of 
ossification  in  these  specimens,  listed  in  order  of  intensity  of  stain, 
are  as  follows:  Mandibular  symphysis;  premaxillary;  maxillary, 
mandible;  first  anal  rays;  base  of  caudal  rays  (in  two  out  of  three 
cases);  parasphenoid ; preopercle;  cleithrum;  junction  of  opercle  and 
hyomandibular;  upper  part  of  hyomandibular;  pharyngeals;  pter- 
otics  and  epiotics;  vertebrae  in  central  third  of  body.  In  the  last 
three  or  four  areas  mentioned  the  stain  is  always  exceedingly  light. 

This  variation  in  the  amount  of  bony  tissue  indicates  either 
that  the  full  breeding  condition  in  this  sex  is  assumed  at  different 
stages  of  development  in  various  individuals,  or  else  that  such 
characters  as  the  degree  of  ossification  continue  development  after 
the  fully  adult  condition  is  reached. 

The  general  conformation  of  the  bones  in  all  adult  males  is, 
however,  very  similar  in  all  specimens. 
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Adult  male  skull:  The  cranium  viewed  from  above  differs  only 
slightly  from  that  of  the  adult  female.  It  is  especially  interesting 
that  the  limits  of  the  various  bones  are  even  less  distinct  than  in  the 
full-grown  female.  The  chief  distinction  is  the  rudimentary  condi- 
tion of  the  frontal  ridges  and  mucous  tunnels.  Whatever  function 
these  subserve  in  the  adult  female,  they  are  apparently  useless  in 
the  opposite  sex. 

Adult  male  palato-pterygoid  arcade:  (Fig.  76).  The  hyomandibu- 
lar  is  much  more  generalized  and  less  definite  in  shape  than  in  the 
female.  The  three  expanses  of  the  head  of  the  bone  are  little  more 
than  blunt  protuberances  with,  of  course,  perfect  articulation  with 
the  pterotic  and  the  main  ossification  of  the  opercular.  The  elon- 
gated body  of  the  hyomandibular  shows  a very  striking  immature 
stage  in  the  general  direction  of  the  suspension  of  the  jaw.  Instead 
of  continuing  straight  backward  almost  paralleling  the  pterygoid 
as  in  the  adult  female,  it  describes  a nearly  right-angled  curve  down- 
ward and  forward  to  its  articulation  with  the  angle  of  the  jaw. 
The  quadrate  is  relatively  smaller  in  this  sex  and  is  not  closely  ap- 
plied to  the  hyomandibular,  but  follows  its  upward  and  backward 
direction  lying  at  right  angles  to  instead  of  paralleling  the  pterygoid. 
The  obliteration  of  the  internal  flange  of  the  head  of  the  hyoman- 
dibular together  with  the  great  circle  described  by  its  body  and  the 
quadrate  not  only  reflects  a decided  larvoid  character  but  also  per- 
mits of  a large  free  area  at  the  side  of  the  head,  even  larger  than  the 
eye  socket  itself,  which  houses  the  huge  light  organ  of  the  male. 
Therefore  this  same  curve  of  the  hyomandibular  reflects  at  one  time 
very  primitive  and  very  specialized  conditions.  No  trace  of  the 
metapterygoid  is  visible,  its  obliteration  being  a further  adaptation 
in  making  room  for  the  cheek  light.  The  secondary  upper  jaw  is  not 
very  unlike  that  of  the  adult  female  except  that  the  palatine  is 
almost  equal  to  the  pterygoid  in  length  and  while  stouter  throughout 
lacks  the  anterior  dilation. 

Adult  male  jaw  apparatus:  (Fig.  76).  In  the  upper  jaw  we  have 
conditions  almost  wholly  larval,  the  premaxillary  being  very  small, 
for  although  it  has  the  upwardly  directed,  bony  cone  found  in  the 
adult  female,  laterally  it  hardly  reaches  farther  than  the  head  of  the 
palatine.  As  in  the  larva  the  entire  profile  of  the  edge  of  the  upper 
jaw  is  formed  by  a slender,  undulating  maxillary  with  the  typical 
supramaxillary  in  place.  The  lower  jaw,  an  evenly  curved,  slender 
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Fig.  76.  (Left)  Elements  of  head  of  adult  male,  lateral  view.  ( X 28). 
Fig.  7? . (Above)  First  branchial  arch  of  adult  male. 


rod,  projects  conspicuously  beyond  the  premaxillary.  The  articular 
is  normal  in  position  and  extent.  In  the  most  ossified  individuals 
the  anterior  halves  of  both  jaws  show  strong  deposits  of  bone, 
gradually  lessening  posteriorly.  The  jaws  and  the  entire  oral  cavity 
are  completely  edentulous. 

Adult  male  opercular  bones : (Fig.  76).  Three  elements  only  are 
recognizable  in  this  assemblage.  The  opercle  itself  is  supported  as 
in  the  adult  female  by  two  centralized  ridges  and  by  the  preopercle. 
The  latter  follows  the  general  outline  of  the  hyomandibular  but,  as 
in  very  young  specimens,  is  unattached  to  that  bone  and  very  slender 
and  sinuous  ventrally.  The  posterior  branchiostegal  rays  are  long 
and  strong  and  continue  the  webbed  outline  of  the  opercle. 

Adult  male  hyoid  arch:  (Fig.  76).  In  the  hyoid  arch  the  elements 
are  far  less  specialized  in  shape  than  in  the  adult  female.  The 
glossohyal  is  relatively  larger  and  thicker,  the  urohyal  smaller,  while 
the  posterior  branchiostegal  rays  are  more  scattered  than  in  the 
adult  female. 

Adult  male  branchial  apparatus:  (Fig.  77).  The  branchial  arches 
are  exceedingly  primitive  and  absolutely  lack  the  specialized  exten- 
sory  power  seen  in  the  corresponding  structures  of  the  adult  female. 
There  is  no  hint  of  the  extremely  elastic  ligaments  between  the  ar- 
ticulations of  the  ceratobranchials  and  epibranchials,  while  the  three 
superior  elements,  the  epibranchials,  pharyngo-branchials  and  the 
suspensory  pharyngeal,  are  all  very  short,  cartilaginous  rods  with 
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no  hint  of  the  elongate  characters  of  the  adult  female.  And  so, 
correlated  with  the  edentulous  jaws,  we  find  the  branchial  arches 
wholly  lacking  in  the  power  to  stretch  wide  apart  and  so  admit 
passage  for  food  of  any  size. 

Adult  male  pectoral  arch:  (Fig.  76).  The  post-temporal,  like 
that  of  the  adult  female,  is  widely  separated  from  the  epiotics. 
The  supracleithrum  and  cleithrum  are  very  distinct,  overlapping 
only  at  their  extreme  tips  in  a manner  quite  different  from  the  close 
association  of  these  bones  in  the  adult  of  the  opposite  sex.  There  is 
no  trace  of  either  pelvic  girdle  or  pelvic  rays. 

Adult  male  vertical  fins  and  baseosts:  Only  the  anterior  half  of 
the  anal  fin  is  ever  ossified.  Its  specialized  first  rays  are  subsequently 
described  in  connection  with  the  reproductive  system.  They  alone 
have  their  bases  simple  and  almost  unexpanded,  the  remaining 
dorsal  and  anal  rays  each  having  two  pairs  of  basal  spines — one 
external  and  one  internal — exactly  as  in  the  female.  In  both  fins 
the  baseosts,  so  strongly  developed  in  the  female,  are  visible  only  as 
slivers  of  cartilaginous  tissue,  although  longitudinally  placed  as  in 
the  opposite  sex. 

Adult  male  vertebral  column:  The  vertebral  column  is  not  com- 
pletely segmented.  Differentiation  of  the  vertebrae  is  only  indicated 
in  the  opercular  region  and  apparently  occurs  in  the  extreme  posterior 
caudal  area  last. 

The  only  trace  of  ossification  in  the  column  in  any  of  the  speci- 
mens occurs,  in  approximately  the  center  third  of  the  body,  ending 
at  about  the  level  of  the  intromittent  organ.  Here  there  is  a light 
deposit  on  the  dorsal  and  ventral,  and  along  the  articulating  sur- 
faces, of  the  centra. 

The  centra  (Fig.  61d)  are  not  elongated  and  spool-shaped  as  in 
the  adult  female,  but  instead  the  dorsal-ventral  depth  is  greater  than 
the  length,  and  the  shape,  viewed  laterally,  is  rectangular.  The 
dorsal  and  ventral  surfaces  in  the  midportion  of  the  body  are  even 
slightly  convex,  so  that  the  centra  of  the  adult  male  may  be  said  to  be 
actually  more  larvoid  than  those  of  the  larvae  themselves.  This  is 
largely  explained  by  the  shrinkage  in  the  length  of  the  fish  which 
takes  place  during  adolescence.  A centrum,  toward  the  middle  of 
the  body  of  a specimen  32  mm  in  length  is  .59  mm  long  and  .82  mm 
in  maximum  diameter. 

The  vertebral  appendages,  although  completely  unossified  and 
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comparatively  short,  are  exactly  similar  to  those  of  the  female  in 
form  and  relative  positions. 

Adult  male — end  of  vertebral  column  and  caudal  fin:  (Fig.  78). 
As  in  the  adult  female,  distinct  caudal  specialization  occurs  in  the 
area  of  the  sixth  and  fifth  vertebrae  anterior  to  the  upturned  uro- 
style.  Here,  the  neural  and  haemal  processes  become  heavier,  longer 
and  directed  more  posteriorly.  Unlike  the  adult  female,  all  the 
processes  in  the  male  are  simple  and  rod-like.  None  show  bone 
deposit.  The  two  posterior  neural  and  haemal  spines  are  enlarged 
and  prolonged  and  are  the  first  to  form  a definite  part  of  the  pos- 
terior caudal  contour. 

Only  the  anterior  part  of  the  specialized  neural  structure,  so 
prominent  in  the  female  along  the  dorsal  surface  of  the  urostyle, 
can  be  determined.  The  single  epural  is  present  and  occupies  some 
of  the  area  between  the  urostyle  a'nd  the  last  prolonged  neural  spine. 

There  are  six  hypurals,  generalized  in  shape  and  lacking  all 
extraneous  structures.  Only  in  the  first  hypural  is  the  haemal  arch 
defined.  The  distal  ends  of  the  three  dorsal  hypurals  form  a solid 
unit  for  the  last  fourth  of  their  length.  In  a 42  mm  specimen  the 
ventral  hypurals,  as  well  as  the  dorsal,  are  fused  distally. 

The  sequence  of  raylets  and  rays,  counting  from  the  anterior 
dorsal  element  is  typically  11  + 10  + 11  + 5 = 21/16.  Slight 
ossification  is  shown  at  the  bases  of  the  rays  in  two  of  the  specimens. 

Adult  Male  Digestive  System:  (Figs.  63F,  65F,  75).  As  in  the 
male  adolescent  and  transitional  adolescent,  the  gut  of  the  adult  is 
three-fifths  as  long  as  the  fish  or  relatively  almost  equal  to  that  of 
the  adult  female.  In  the  male,  however,  all  portions  of  the  digestive 
system  are,  with  the  exception  of  the  liver,  degenerated  to  varying 
degrees.  The  oesophagus  is  very  narrow  with  a thread-like  bore  and 
is  shorter  than  before,  as  the  liver,  although  no  longer,  now  com- 
pletely overlaps  the  pyloric  organs  ventrally;  the  stomach  is  the 
same  minute,  white  appendage  found  in  earlier  stages;  the  caeca 
are  rudimentary  and  no  distinct  pyloric  canal  is  developed;  the  gall 
bladder  and  bile  duct  are  both  much  reduced;  and  the  intestine  is 
only  slightly  broader  than  the  oesophagus.  The  liver  is  no  longer 
than  in  younger  specimens,  but  it  is  broader,  completely  surround- 
ing the  oesophagus  with  the  edges  of  the  lobe  meeting  dorsally. 
As  in  the  female  the  pancreas  is  an  inconspicuous  layer  of  tissue 
between  the  anterior  half  of  the  liver  and  the  ventral  side  of  the 
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Fig.  78.  Posterior  vertebral  column  and  base  of  caudal  fin  in  adult  male.  ( X 34) . 


oesophagus.  The  spleen  is  slightly  reduced.  Compared  with  the 
transitional  adolescent  male  the  reductions  of  the  diameter  of  the 
gut  and  of  the  size  of  the  gall  bladder  are  the  greatest  changes. 
The  only  developmental  reduction  held  in  common  with  the  female 
is  the  shortening  of  the  bile  duct.  Pigment  is  lacking  from  the  male 
coelom  with  the  exception  of  a small  and  variable  quantity  on  the 
oesophagus.  Its  most  constant  form  is  an  elongate,  broken  patch 
about  half  the  length  of  the  oesophagus  on  its  anterior  dorsal  surface. 

The  posterior  end  of  the  intestine  passes  close  to  the  sperm  duct, 
but  is  quite  separate  from  it.  The  anal  papilla  appears  as  an  anterior 
swelling  at  the  base  of  the  intromittent  organ. 

Adult  males  vary  somewhat  in  the  size  of  stomach,  caeca  and 
gall  bladder,  all  of  these  organs  being  almost  non-existant  in  several 
of  the  specimens  examined.  The  following  measurements  show 
typical  proportions  and  were  made  upon  a male  32  mm  in  length, 
in  full  breeding  condition:  Gut  length  19.3  mm;  oesophagus  length 
2.1;  oesophagus  breadth  .11;  stomach  length  .34;  stomach  breadth 
.06;  caecum  .15;  liver  length  1.8;  gall  bladder  length  .17;  diameter 
of  intestine,  anterior  portion,  .13;  diameter  of  intestine,  posterior 
' portion,  .08. 


1934]  Beebe:  Deep-Sea  Fishes  of  the  Bermuda  Expeditions  229 

Adult  Male  Reproductive  System:  (Figs.  75,  79).  The  testicles 
are  relatively  as  long  as  the  ovaries  of  the  female,  the  longer  (left  side) 
beginning  at  a point  about  one-tenth  of  the  distance  from  throat  to 
anus.  In  the  male  this  falls  slightly  behind  the  middle  of  the  liver. 
Both  right  and  left  organs  extend  clear  to  the  end  of  the  body 
cavity.  In  section  the  testicles  are  circular  with  maximum  diameters 
three  times  or  more  that  of  the  intestine.  Each  organ  is  divided 
into  at  least  fourteen  or  fifteen  unequal  divisions  by  constrictions 
and  small,  single  pleats.  These  vary  in  position  and  sometimes  in 
number  and  distinctness  on  the  two  sides  of  the  same  fish.  The 
testicles  are  entirely  covered  by  a continuous  network  of  pigmented 
strands,  the  fundamental  pattern  of  which  consists  of  transverse 
bands  connected  by  longitudinal  cross-bars.  The  following  measure- 
ments were  made  upon  the  32  mm  male  mentioned  above:  Left 
testicle  length  17  mm;  maximum  diameter  .38;  minimum  diameter 
(excluding  constrictions)  .26. 

Immediately  anterior  to  the  vertical  from  the  anus  both  testi- 
cles converge  to  form  a common  sperm  reservoir  which  extends  dor- 
sally  close  to  the  vertebrae  and  posteriorly  to  the  vertical  from  the 
seventh  anal  ray.  From  the  ventral  side  of  this  reservoir,  a little 
before  the  middle  of  its  length,  a broad  duct  leads  down  through  the 
intromittent  organ,  ending  in  a pore  at  the  anterior  side  of  its  swollen 
tip. 

The  intromittent  organ  is  about  equal  in  length  to  the  diameter 
of  the  eye,  dark  brown  in  color,  and  extending  diagonally  downwards 
and  backwards  against  the  first  anal  rays.  The  latter  are  very 
definitely  modified  for  its  support:  The  first  ray  is  always  flattened 
throughout  its  length  with  a triangular  expansion  at  each  side  along 
its  upper  and  median  portions.  This  ray  is  sometimes  highly  ossified, 
as  are  the  several  subsequent  rays,  although  less  strongly.  The 
second  and  third  rays  usually  pass  to  the  right  of  the  intromittent 
organ  and  have  their  distal  portions  securely  attached  to  the  posterior 
side  of  its  tip,  while  the  fourth  and  fifth  rays  similarly  support  the 
left  side.  The  sixth  ray  is  linked  closely  to  the  group  by  webbing. 
The  positions  of  the  individual  rays  vary  somewhat  on  different 
specimens,  but  the  general  plan  is  always  the  same.  There  is  no 
trace  of  basal  spines  in  connection  with  any  of  these  modified  rays. 
Due  to  the  intimate  connections  between  rays  and  intromittent 
organ  and  the  consequent  limited  movement  of  the  latter,  its  func- 


230 


Zoologica:  N.  Y.  Zoological  Society 


[XVI;  4 


testicle 


Fig.  79.  Sagittal  section  through  intromittent  organ  and  surrounding  region  of  adult 
male.  The  shaded  areas  indicate  various  degrees  of  ossification  in  the  anal  rays.  ( X 60). 
Inset:  posterior  view  of  first  anal  ray  and  intromittent  organ. 

tioning  as  a penis  during  any  sort  of  internal  fertilization  seems  very 
questionable.  This  organ  is  analogous  but  not  homologous  with 
those  found  in  many  fresh- water  oviparous  fish. 

Beginning  with  the  seventh,  the  rays  are  slightly  or  not  at  all 
ossified. 


Ecology 

Vertical  and  Seasonal  Distribution:  The  vertical,  monthly 
and  yearly  distribution  of  the  Bermuda  specimens  of  I diacanthus 
fasciola  is  shown  in  Fig.  80.  Two  nets,  drawn  in  September  at  100 
fathoms,  contained  eleven  of  the  thirteen  larvae  in  the  collection. 
The  rest  of  the  fish,  at  all  stages  of  development,  were  caught 
between  500  and  1000  fathoms,  at  a mean  depth  of  681  fathoms. 
The  diagram  at  the  right  of  the  map  (Fig.  48)  indicates  this  dis- 
tribution in  graphic  form.  As  in  the  case  of  numerous  other  genera 
of  deep-sea  fish  taken  by  the  Bermuda  expeditions,  I diacanthus 
(except  larvae)  was  never  caught  off  Bermuda  at  the  comparatively 
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shallow  depths  from  which  it  has  been  often  reported  in  other  parts 
of  the  world.  From  the  Bathysphere  I saw  an  adult  female  at  200 
fathoms  (Beebe,  1930,  p.  222). 

The  accompanying  diagrams  (Fig.  81)  indicate  the  seasonal 
distribution  of  the  species,  divided  into  groups  according  to  age 
and  sex,  throughout  the  major  portion  of  the  three-year  trawling 
season.  (Too  few  deep-sea  nets  were  drawn  in  April  and  October  to 
furnish  comparable  data  for  these  months,  and  during  the  winter 
it  has  so  far  been  impossible  to  do  any  trawling  whatever.)  The 
upper  chart  shows  the  actual  numbers  of  individuals  taken;  in  the 
lower  are  the  numbers  that  theoretically  would  have  been  taken 
had  as  many  nets  been  drawn  every  month  as  during  September.1 
But  in  both  charts  the  proportionate  sizes  of  the  various  groups  are 
in  general  the  same:  Through  the  months  adult  males  formed  the 
most  numerous  class  and  were  distributed  fairly  evenly  during  the 
period.  They  were,  however,  most  plentiful  in  the  summer  months, 
and  adult  females  and  larvae  were  taken  only  in  August  and  Sep- 
tember. Young  specimens  of  both  sexes  were  less  numerous  than  the 
adult  males,  but  were  similarly  scattered  through  the  season;  their 
month  of  maximum  concentration,  however,  as  with  the  larvae,  was 
September.  From  this  it  may  be  inferred  that  there  is  a chief 
breeding  season  in  late  summer. 

Sociability:  The  larvae  undoubtedly  school,  as  shown  by  the 
occurrence  of  the  youngest  stages  in  groups  of  three  and  eight  indi- 
viduals, respectively.  Also,  two  post-larval  males  were  taken 
together  and,  in  another  case,  a post-larval  female  with  an  adolescent 
of  the  same  sex.  In  each  of  five  other  nets  adult  males  were  taken 
two  at  a time.  The  latter  cases  may  have  been  accidental,  as  it 
seems  likely  were  the  six  other  pairs  of  fish  of  very  dissimilar  growth 
stage:  in  each  of  the  latter  the  pair  consisted  of  a post-larva  or 
transitional  post-larva  of  either  sex  caught  with  a transitional 
adolescent  or  adult  female.  The  one  breeding  female  came  up  with 
a male  post-larva.  No  evidence  was  found  on  adults  of  either  sex  of 
parasitic  habits  in  the  male. 

Abundance:  Idiacanthus  fasciola  is  fairly  common  among  the 
deep-sea  fishes  taken  off  Bermuda.  One  or  more  specimens  occurred 
in  nine  per  cent  of  all  of  the  nets  drawn  between  100  and  1000 
fathoms,  the  limits  of  its  vertical  distribution  in  this  locality. 

xSee  Zoologica,  Vol.  XVI,  No.  1,  p.  7. 
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Fig.  80.  Idiacanthus  fasciola  Peters.  The  vertical,  monthly  and  yearly  distribution  of 
the  specimens  taken  by  the  Bermuda  Oceanographic  Expeditions. 


Food:  The  stomachs  of  ten  of  the  largest  females,  all  transitional 
adolescents  and  adults,  were  examined,  and  of  these  three  contained 
remains  of  fishes.  One  only  was  recognizable,  a Diaphus  sp., 
measuring  about  61  mm  in  length  and  taken  from  an  Idiacanthus 
of  255  mm.  In  the  intestines  of  all  of  the  specimens  there  was  a 
smaller  or  larger  amount  of  unrecognizable  material. 

The  intestines  of  several  larvae  and  post-larvae  of  both  sexes 
contained  diatoms  and  the  remains  of  minute  Crustacea.  Brauer1 
also  found  Crustacea  in  his  specimens  of  Stylophthalmus. 

Due  to  the  degeneration  of  the  digestive  system  all  males  sub- 
sequent to  the  post-larval  stage  have  the  alimentary  tract  entirely 
empty. 

Enemies:  Idiacanthus  fasciola  has  not  yet  been  found  in  the 
stomach  of  any  creature,  nor  have  parasites  been  observed.  It  is 
of  interest  to  note,  however,  that  the  type  of  /.  niger  and  one  other 


1 Brauer  1906,  p.  68. 
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Fig.  81.  Diagrams  indicating  the  seasonal  distribution  of  the  growth  stages  of  I diacanthus  fasciola  off  Bermuda,  throughout  the  major 
portion  of  the  three-year  trawling  season.  The  upper  chart  shows  the  actual  numbers  of  individuals  taken;  the  lower,  the  numbers  that 
theoretically  would  have  been  taken  had  as  many  nets  been  drawn  every  month  as  diming  September.  (See  Zoologica,  Yol.  XYI,  no.  1, 
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specimen  of  that  species  were  taken  off  New  Zealand  in  the  stomachs 
of  gropers  (. Poly  prion  oxygeneios  and  Polyprion  americanus)1 

Study  Material 

The  following  list  gives  the  catalogue  number,  net,  depth  in 
fathoms,  date,  length  and  growth  stage  of  each  specimen  of  Idia- 
canthus  fasciola  taken  by  the  Bermuda  Oceanographic  Expeditions. 
All  were  caught  in  the  cylinder  of  water  off  the  Bermuda  coast 
described  on  page  5 of  the  present  volume  (Vol.  XVI,  No.  1). 


No. 

8,733; 

Net 

6; 

No. 

8,760; 

Net 

15; 

No. 

8,820; 

Net 

23; 

No. 

9,525; 

Net 

31; 

No. 

9,598; 

Net 

39; 

No. 

9,609; 

Net 

40; 

No. 

9,716; 

Net 

53; 

No. 

9,756; 

Net 

65; 

No. 

9,767; 

Net 

66; 

No. 

9,827; 

Net 

79; 

No. 

10,023; 

Net 

101; 

No. 

9,993; 

Net 

104; 

No. 

24,060; 

Net 

144; 

No. 

10,323; 

Net 

148; 

No. 

10,352; 

Net 

153; 

No. 

10,476; 

Net 

170; 

No. 

10,508; 

Net 

176; 

No. 

10,520; 

Net 

177; 

No. 

10,603; 

Net 

188; 

No. 

10,610; 

Net 

189; 

No. 

10,838; 

Net 

207; 

No. 

10,966; 

Net 

222; 

No. 

11,076; 

Net 

233; 

No. 

11,087; 

Net 

235; 

No. 

11,088; 

Net 

236; 

No. 

11,535; 

Net 

293; 

No. 

11,542; 

Net 

294; 

No. 

11,577; 

Net 

299; 

No. 

11,634; 

Net 

305; 

No. 

11,725; 

Net 

313; 

No. 

11,755; 

Net 

317; 

No. 

11,811; 

Net 

324; 

No. 

12,135; 

Net 

356; 

No. 

24,147; 

Net 

369; 

600  F.;  April  5,  1929;  12! 
500  F.;  April  12,  1929;  35 
600  F.;  April  15,  1929;  35 
500  F.;  April  24,  1929;  35 
600  F.;  April  25,  1929;  38 
700  F.;  April  25,  1929;  39 
800  F.;  April  30,  1929;  33 
700  F.;  May  4,  1929;  38 
800  F.;  May  4,  1929;  32 
700  F.;  May  8,  1929;  34 
700  F.;  May  14,  1929;  39 
700  F.;  May  15,  1929;  44 
900  F.;  May  31,  1929;  38 
700  F.;  June  1,  1929;  42 
700  F.;  June  8,  1929;  38 
500  F.;  June  15,  1929;  48 
500  F.;  June  17,  1929;  36 
600  F.;  June  17,  1929;  30 
600  F.;  June  19,  1929;  34 
700  F.;  June  19,  1929;  33 
700  F.;  June  22,  1929;  75, 
1000  F.;  June  25,  1929;  60 
600  F.;  June  28,  1929;  90 
800  F.;  June  28,  1929;  28 
900  F.;  June  28,  1929;  40 
700  F.;  July  12,  1929;  33 
800  F.;  July  12,  1929;  37 
700  F.;  July  13,  1929;  38 
600  F.;  July  16,  1929;  37 
800  F.;  July  22,  1929;  35 
700  F.;  July  23,  1929;  35 
800  F.;  July  24,  1929;  31 
700  F.;  Aug.  9,  1929;  49 
800  F.;  Aug.  14,  1929;  45 


) mm.  Trans.  Adol.  9 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Trans.  Adol.  d 
mm;  Trans.  Adol.  $ 
mm;  Adult  d 
mm;  Trans.  Adol.  d 
mm;  Adult  d 
mm;  Adult  d 
125  mm;  Trans.  Adol.  $ 
mm;  Trans.  Adol.  $ 
mm;  Trans.  Adol.  9 
mm;  Trans.  Adol.  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Adult  d 
mm;  Trans.  Adol.  d 
mm;  Post-larva  9 
mm;  Post-larva  9 


i Regan  1914,  p.  14;  Waite,  1916,  p.  55;  Archey  1922,  p.  295. 
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No.  12,342;  Net 
No.  12,405;  Net 
No.  12,586;  Net 
No.  12,963;  Net 
No.  13,063;  Net 
No.  13,397;  Net 
No.  13,419;  Net 
No.  13,461;  Net 
No.  13,575;  Net 
No.  13,630;  Net 

No.  13,718;  Net 

No.  13,848;  Net 
No.  14,712;  Net 
No.  14,988;  Net 
No.  15,093;  Net 
No.  15,654;  Net 
No.  15,871;  Net 
No.  15,967;  Net 
No.  16,526;  Net 
No.  16,645;  Net 
No.  16,721;  Net 
No.  16,776;  Net 
No.  16,842;  Net 

No.  17,033;  Net 

No.  17,056;  Net 
No.  17,157;  Net 
No.  17,202;  Net 
No.  17,536;  Net 
No.  17,600;  Net 
No.  17,784;  Net 
No.  17,790;  Net 
No.  18,009;  Net 
No.  18,037;  Net 
No.  18,063;  Net 
No.  18,091;  Net 
No.  18,295;  Net 
No.  18,395;  Net 
No.  18,444;  Net 
No.  18,629;  Net 
No.  18,836;  Net 
No.  18,848;  Net 
No.  19,153;  Net 
No.  20,532;  Net 
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374 

600  F.; 

Aug.  15,  1929; 

382 

900  F.; 

Aug.  16,  1929; 

394 

900  F.; 

Aug.  19,  1929; 

411 

700  F.; 

Sept.  3,  1929; 

418 

700  F.; 

Sept.  4,  1929; 

453 

600  F.; 

Sept.  10,  1929; 

460 

700  F.; 

Sept.  11,  1929; 

465 

800  F.; 

Sept.  12,  1929; 

479 

600  F.; 

Sept.  20,  1929; 

486 

700  F.; 

Sept.  21,  1929; 

495;  800  F.; 

Sept.  23,  1929; 

515 

800  F.; 

Sept.  27,  1929; 

540 

700  F.; 

May  6,  1930; 

576 

700  F.; 

May  14,  1930; 

589 

700  F.; 

May  17,  1930; 

646 

600  F.; 

May  29,  1930; 

680 

700  F.; 

June  7,  1930; 

699 

700  F.; 

June  13,  1930; 

759 

700  F.; 

July  2,  1930; 

770 

700  F.; 

July  4,  1930; 

778 

700  F.; 

July  5,  1930; 

785 

600  F.; 

July  7,  1930; 

792 

600  F.; 

July  8,  1930; 

797;  500  F.; 

July  15,  1930; 

799;  700  F.; 

July  15,  1930; 

806 

; 700  F.; 

July  16,  1930; 

807 

; 800  F.; 

July  16,  1930; 

825 

; 800  F.; 

Sept.  1,  1930; 

829 

; 600  F.; 

Sept.  2,  1930; 

838 

; 600  F.; 

Sept.  3,  1930; 

839 

; 700  F.; 

Sept.  3,  1930; 

854 

; 600  F.; 

Sept.  6,  1930; 

858 

; 1000  F.; 

Sept.  6,  1930; 

859 

; 500  F.; 

Sept.  8,  1930; 

861;  700  F.; 

Sept.  8,  1930; 

866 

; 700  F.; 

Sept.  10,  1930; 

875;  600  F.; 

Sept.  11,  1930; 

880 

; 500  F.; 

Sept.  12,  1930; 

892 

; 800  F.; 

Sept.  15,  1930; 

917 

; 600  F.; 

Sept.  19,  1930; 

919 

; 700  F.; 

Sept.  19,  1930; 

921 

; 500  F.; 

Sept.  20,  1930; 

984;  600  F.; 

June  2,  1931; 

33,  37  mm;  Adult  cP 
16  mm;  Larva 
33  mm;  Adult  cP 
49  mm;  Adolescent  $ 

46  mm;  Post-larva  $ 

161  mm;  Trans.  Adol.  $ 

33  mm;  Adult  cP 
36  mm;  Adult  cP 
88  mm;  Trans.  Adol.  $ 

50,  270  mm;  Trans.  Post- 
larva, Adult  9 

44,  60  mm;  Post-larva,  Trans. 

Adol.  9 

36  mm;  Adult  cP 

40  mm;  Adolescent  cP 
35  mm;  Adolescent  cP 

35  mm;  Adult  cP 

48  mm;  Post-larva  cP 

41  mm;  Adult  cP 

37,  40  mm;  Adult  cP 

38,  40  mm;  Adult  cP 
38  mm;  Adult  cP 

33  mm;  Adult  cP 

42  mm;  Adult  cP 

48,  75  mm;  Trans.  Post- 
larva, Trans.  Adol.  9 

45,  47  mm;  Post-larva  cP, 

Adolescent  9 

37  mm;  Adult  cP 

34  mm;  Adult  cP 

36  mm;  Adult  cP 

38  mm;  Post-larva  cP 

36  mm;  Adult  cP 

40  mm;  Adolescent  cP 

37  mm;  Adolescent  cP 

35  mm;  Trans.  Adol.  cP 

35  mm;  Trans.  Adol.  cP 

43  mm;  Adolescent  9 
40  mm;  Trans.  Adol.  cP 
33  mm;  Trans.  Adol.  cP 
37  mm;  Adolescent  cP 
40  mm;  Post-larva  9 
117  mm;  Trans.  Adol.  9 
28  mm;  Larva 

36  mm;  Post-larva  cP 
190  mm;  Adult  9 

33  mm;  Adult  cP 
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No.  20,658;  Net 

999; 

700  F.; 

June  5, 

1931; 

No.  20,821;  Net 

1016; 

500  F.; 

June  15,  1931; 

No.  20,872;  Net 

1022; 

700  F.; 

June  16,  1931; 

No.  21,472;  Net 

1095; 

600  F.; 

July  29,  1931; 

No.  21,802;  Net 

1122; 

600  F.; 

Aug.  3, 

1931; 

No.  21,937;  Net 

1137; 

600  F.; 

Aug.  6, 

1931; 

No.  22,161;  Net 

1156; 

500  F.; 

Aug.  10, 

1931; 

No.  22,221;  Net 

1165; 

900  F.; 

Aug.  11,  1931; 

No.  22,255;  Net 

1169; 

700  F.; 

Aug.  12, 

1931; 

No.  22,877;  Net 

1175; 

600  F.; 

Aug.  14, 

1931; 

No.  22,476;  Net 

1184; 

800  F.; 

Aug.  15,  1931; 

No.  22,618;  Net 

1200; 

600  F.; 

Aug.  19,  1931; 

No.  22,673;  Net 

1210; 

1000  F.; 

Aug.  20, 

1931; 

No.  22,783;  Net 

1225; 

1000  F.; 

Aug.  26,  1931; 

No.  22,841;  Net 

1235; 

500  F.; 

Aug.  29, 

1931; 

No.  22,949;  Net 

1242; 

600  F.; 

Aug.  31, 

1931; 

No.  23,002;  Net 

1249; 

700  F.; 

Sept.  1, 

1931; 

No.  23,054;  Net 

1255; 

600  F.; 

Sept.  1, 

1931; 

No.  23,097;  Net 

1260; 

500  F.; 

Sept.  4, 

1931; 

No.  23,100;  Net 

1261; 

600  F.; 

Sept.  4, 

1931; 

No.  23,148;  Net 

1270; 

500  F.; 

Sept.  7, 

1931; 

No.  23,163;  Net 

1271; 

600  F.; 

Sept.  7, 

1931; 

No.  23,286;  Net 

1286; 

900  F.; 

Sept.  10, 

1931; 

No.  23,331;  Net 

1294; 

900  F.; 

Sept.  12, 

1931; 

No.  23,350;  Net 

1296; 

600  F.; 

Sept.  14, 

1931; 

No.  23,366;  Net 

1297; 

700  F.; 

Sept.  14, 

1931; 

No.  23,545;  Net 

1308; 

100  F.; 

Sept.  16, 

1931; 

No.  23,512;  Net 

1309; 

100  F.; 

Sept.  16, 

1931; 

No.  23,664;  Net 

1326; 

600  F.; 

Sept.  19,  1931; 

No.  23,900;  Net 

1332; 

600  F.; 

Oct.  28, 

1931; 

No.  23,941;  Net 

1337; 

600  F.; 

Oct.  29,  1931; 

40  mm;  Adult  d 
47  mm;  Adolescent  9 
36,  39  mm;  Adult  d 

44  mm;  Trans.  Post-larva  $ 
40  mm;  Post-larva  d 

40,  267  mm;  Post-larva  d» 
Adult  9 

63  mm;  Trans.  Adol.  9 

38  mm;  Adult  d 
40  mm;  Adult  d 

40  mm;  Post-larva  d 
242  mm;  Adult  9 

36  mm;  Adult  d 

39  mm;  Adult  d 

100  mm;  Trans.  Adol.  9 

34  mm;  Adult  d 

28  mm;  Trans.  Adol.  d 
32  mm;  Adult  d 

37  mm;  Adult  d 

120  mm;  Trans.  Adol.  9 

35  mm;  Adult  d 

45  mm;  Adolescent  9 
32  mm;  Adult  d 

45,  51  mm;  Post-larva  d, 
Trans.  Adol.  9 

36  mm;  Adult  d 

36,  40  mm;  Post-larvae  d 
35  mm;  Adolescent  d 
16,  17,  20  mm;  Larvae 
(8),  18  to  25  mm;  Larvae 
35  mm;  Adolescent  d 
30  mm;  Trans.  Adol.  d 
45  mm;  Postlarva  9 


The  following  specimens  have  been  cleared  and  stained  in 
order  to  study  the  skeleton:  Nos.  8,733  (KOH  No.  2019);  10,352 
(KOH  No.  2015);  10,476  (KOH  No.  2021);  11,076  (KOH  No.  328a); 
11,087  (KOH  No.  329);  11,088  (KOH  No.  328b);  13,630a  (KOH  No. 
2023);  15,967a,  b (KOH  No.  2028a,  b);  16,776  (KOH  No.  2029); 
18,395  (KOH  No.  2025);  18,444  (KOH  No.  2024);  20,658  (KOH  No. 
1185);  20,821  (KOH  No.  2020);  21,472  (KOH  No.  2022);  21,937 
(KOH  No.  2013);  23,331  (KOH  No.  1184);  No.  23,350a  (KOH  No. 
1025);  23,545b  (KOH  No.  1015b);  23,545c  (KOH  No.  1015c); 
23,512h  (KOH  No.  2026). 

The  following  material  has  been  filed : Colored  plates  B277  and 
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B651;  outline  drawings  B957-B986  incl;  photographs  B5361-L, 
B.5389-L,  B5585,  B5587,  B6215-L,  B6275. 

A specimen  of  Idiacanthus  panamensis  measuring  360  mm  in 
standard  length  was  used  in  connection  with  the  study  of  the 
osteology  of  I.  fasciola  for  purposes  of  comparison.  This  exception- 
ally large  female  (No.  5982,  KOH  No.  29)  was  taken  by  the  Arcturus 
Oceanographic  Expedition  of  the  New  York  Zoological  Society  in 
the  Gulf  of  Panama  in  May,  1925  at  a depth  of  750  fathoms. 

Synonymy  and  References 
Idiacanthus  fasciola: 

Peters  1876,  p.  847.  (2  specimens;  50,  130  mm;  surface;  north  of 
Australia  and  north  of  New  Guinea;  type  specimens). 

Goode  and  Bean  1895,  p.  128.  (Mention  of  types), 

Brauer  1906,  p.  60;  figs.  17-20;  pi.  iv,  figs.  2-3.  (2  specimens; 

180,  147.5  mm;  594-2500  m.;  off  Sumatra  and  between  Chagos 
and  Seychelles  Islands;  also  1 young  specimen,  2000  m,  west  of 
Chagos. 

Brauer  1908,  pp.  64,  176,  pi.  XXVI,  figs.  14-27;  pi.  XXVII,  figs. 

1-14.  (Structure  of  light  organs  and  eyes). 

Weber  1913,  p.  15.  (2  specimens;  45,  180  mm;  1536,  1600  m; 

Manipa  Strait  and  Halmahera  Sea). 

Weber  and  Beaufort  1913,  p.  108,  fig.  37.  (Records  of  occurrence 
in  Indo-Australian  region  and  description  of  Weber’s  “Siboga” 
specimen). 

Parr  1927,  p.  116;  fig.  62.  (4  specimens;  80  to  225  mm;  6000- 

10,000  ft.  wire;  Bermuda  and  Bahamas). 

Beebe  1929,  p.  13  (1  specimen;  122  mm;  600  fath.;  Hudson 
Gorge). 

Regan  and  Trewavas  1930;  p.  129;  figs.  20B,  22,  23,  125,  126. 
(250  advanced  female  specimens:  46  to  276  mm;  0-3000  m. 
wire;  Atlantic.  30  so-called  post-larvae  (young  females  and 
young  and  adult  males) ; 33  to  44  mm;  300-500  m.  wire;  Atlantic. 
1 previously  unrecorded  British  Museum  specimen;  104  mm; 
Indian  Ocean. 

Roule  and  Angel  1933,  p.  24.  (10  specimens;  115  to  320  mm; 

0-250-4000  M;  eastern  Atlantic. 

Beebe  1933c,  p.  39.  (Preliminary  account  of  the  present  Bermuda 
material). 
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Bathyophis  ferox: 

Gunther  1878,  p.  181.  (1  specimen;  195  mm;  2750  fath.;  middle 
of  North  Atlantic;  preliminary  type  description). 

Idiacanthus  ferox: 

Gunther  1887,  p.  216,  pi.  LII,  fig.  D.  (Supplementary  descrip- 
tion of  type). 

Goode  and  Bean  1895,  p.  129,  fig.  151.  (Mention  of  type). 

Jordan  and  Evermann  1896,  p.  605.  (Mention  of  type). 

Murray  and  Hjort  1912;  pp.  86,  87,  612,  618;  fig.  67b.  (10  or 

more  specimens;  at  least  up  to  220  mm;  surface  to  1500  fath.; 
between  Azores,  Canaries,  and  northwest  Africa). 

Stylophthalmus  paradoxus  ( partim ): 

Brauer  1902,  p.  298.  (Preliminary  type  description). 

Brauer  1906;  p.  67,  pi.  V,  figs.  1-7.  (Detailed  description.  Entire 
series,  only  some  of  which  were  Idiacanthus,  contained  35 
specimens;  10.5  to  40  mm;  1500  to  4000  m.;  west  coast  of  South 
Africa,  Antarctic  off  Bouvet  Island,  Indian  Ocean). 

Brauer  1908,  p.  178.  (Dissection  of  eye). 

Beebe  1929,  p.  9.  (2  specimens;  4.3  and  41  mm;  600  fath.;  Hudson 
Gorge.  Partim). 

Beebe,  1933a,  p.  180.  (Records  of  shallow  water  occurrences  of 
Bermuda  specimens.  Partim ) . 

? Idiacanthus  aurora: 

Waite  1916,  p.  53,  pi.  V,  fig.  1.  (1  specimen;  408  mm;  1450  fath.; 
off  Macquairie  Island,  Australia). 

Regan  1916a,  p.  378.  (Suggestion  as  to  the  synonymy  of  I. 
aurora  with  7.  niger ). 

Archey  1922,  p.  296.  (Comparative  measurements  of  7.  aurora 
and  7.  niger). 

Regan  and  Trewavas  1930,  p.  129.  (Tentative  synonymy  of  7. 
aurora  with  7.  fasciola). 
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A REVIEW  OF  THE  BOX  TURTLES 

By  Raymond  L.  Ditmars 

Curator  of  Mammals  and  Reptiles 
New  York  Zoological  Park 

Early  in  1933,  at  the  request  of  Mr.  Madison  Grant,  the 
president  of  the  New  York  Zoological  Society,  and  a student 
of  turtles  for  many  years,  I started  the  preparation  of  an  article 
about  the  box  turtles.  The  idea  was  to  review  the  species  collec- 
tively, as  descriptions  were  scattered. 

At  the  beginning,  the  preparation  of  this  article  seemed  com- 
paratively simple.  There  appeared  to  be  but  slightly  over  half  a 
dozen  species  in  the  genus,  a fair  assortment  of  specimens  rep- 
resenting the  greater  number  of  them  was  at  hand,  and  upon 
gross  examination  specific  differences  appeared  rather  simply 
defined.  Edward  Osterndorff,  of  the  Society’s  photographic 
department,  set  to  work  to  prepare  an  extensive  series  of 
illustrations. 

Examination  of  the  literature,  however,  coupled  with  close 
inspection  of  our  specimens,  convinced  me  that  Terrapene  is  a 
genus  to  be  handled  with  caution.  Relationship  is  close,  and  points 
used  in  former  keys  have  been  demonstrated  not  to  hold. 

Since  W.  E.  Taylor,  under  date  of  May  11,  1895,  published 
in  the  Proceedings  of  the  United  States  National  Museum*  a 
sixteen-page  paper  entitled  The  Box  Tortoises  of  North  America, 
a search  revealed  no  detailed  reviews  of  the  genus  relating  both 
to  taxonomy  and  illustrative  material. 

Taylor  recognized  the  following  species  of  Terrapene:  T. 
major,  of  the  Gulf  States;  T.  bauri,  indicated  to  be  restricted  to 
the  Florida  peninsula;  T.  Carolina,  of  easterly  North  America, 
from  Canada  to  Georgia  and  westward  to  Michigan ; T . mexicana, 
“Mexico” ; T.  triunguis,  westerly  Tennessee  to  Oklahoma  and  the 
Gulf ; and  T.  ornata,  east  of  the  Rockies  to  Illinois  and  Texas. 

*No.  1019,  pp.  573-588. 
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During  the  thirty-eight  years  since  Taylor’s  resume , three 
species  have  been  added  to  the  genus.  These  are  T.  yucatana,  of 
southeastern  Mexico;  T.  nelsoni,  of  southwesterly  Mexico;  and 
T . goldmani,  also  of  Mexico. 

The  synonomy  of  the  genus  shows  that  Terrapene  was  pro- 
posed by  Merrem  in  1820,  to  include  Testudo  Carolina  of  Lin- 
naeus. In  1822,  Cistudo  was  proposed  by  Fleming.  The  latter 
generic  term  was  adopted  in  various  lists,  although  there  is  now 
uniform  reversion  to  the  older  title. 

Going  back  to  the  building  of  the  group,  we  note  that  in 
1849,  in  the  Proceedings  of  the  Zoological  Society  of  London, 
Gray  described  Cistudo  mexicana , and  in  1857  Agassiz,  in  his 
Contributions  to  the  Natural  History  of  the  United  States, 
described  Cistudo  Virginia  (Gmelin),  C.  triunguis,  C.  ornata  and 
C.  major,  the  first  being  Testudo  Carolina  of  Linnaeus,  while  the 
last  three  were  recognized  as  new  species.  Succeeding  years  sub- 
jected the  proposed  species  to  various  vicissitudes  as  to  standing. 

Gunther,  in  Biologica  Centrali  Americana,  Reptiles,  April 
1885,  page  1,  states  his  deductions  regarding  the  genus : “Gray 
was  the  first  who  specifically  separated  from  the  common  type 
of  North  American  Box  Tortoise  a form  whose  hind  feet  are 
armed  with  three  large  claws  instead  of  four.  However,  in  exam- 
ining the  value  of  this  character,  Agassiz  (Contr.  Nat.  Hist. 
Amer.  1.  pg.  444)  came  to  a different  conclusion,  stating  that 
the  outer  toe  of  the  hind  foot  fades  away  gradually ; and,  whilst 
he  distinguished  not  less  than  four  different  species  of  Cistudo, 
these  species  included  three — as  well  as  four-toed  specimens. 

“In  a case  in  which  one  naturalist,  though  he  has  examined 
many  hundred  specimens,  does  not  feel  justified  in  expressing  a 
decided  opinion,  it  would  be  most  hazardous  for  another  to  do 
so  who  has  much  less  material  at  hand.  Yet,  having  seen  speci- 
mens of  Agassiz’s  four  species,  I may  be  allowed  to  say  that  I 
incline  to  the  belief  that  there  is,  in  fact,  one  species  of  Box- 
Tortoise  only,  and  that  one  of  its  hind  toes  becomes  aborted  in 
the  south-western  and  southern  range  of  its  distribution.  Never- 
theless, I have  considered  it  best  to  retain  the  name  given  by 
Gray,  the  more  so  as  both  the  typical  specimens  are  singularly 
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distinguished  by  having  a small  additional  scute  intercalated 
between  the  fourth  and  fifth,  so  that  there  are  six  vertebrals 
altogether.  This,  of  course,  may  be  an  abnormal  condition  pe- 
culiar to  the  locality  where  the  specimens  were  obtained,  and 
which  unfortunately  is  not  known.  They  are  simply  marked 
‘Mexico’.” 

Boulenger  in  the  Catalogue  of  Reptiles  of  the  British  Mu- 
seum, 1889,  recognized  but  two  species,  although  he  conceded  he 
had  insufficient  material  for  satisfactory  diagnosis.  He  described 
major , cinosternoides  ( triunguis ) and  mexicana  as  subspecies  of 
Cistudo  Carolina.  The  other  full  species  in  his  list  was  the  western 
C.  ornata. 

In  1895,  however,  Boulenger,  in  the  Annals  and  Magazine 
of  Natural  History,  Vol.  XV,  Series  6,  London,  pp.  330-331,  pre- 
sents a key  “On  the  American  Box  Tortoises”  in  which  he  recog- 
nizes as  full  species  Cistudo  major , C.  yucatana,  C.  mexicana,  C. 
cinosternoides,  C.  Carolina  and  C.  ornata.  In  this  article  is  the 
description  of  a new  species,  C.  yucatana. 

In  Taylor's  article  of  1895,  a new  species  for  the  United 
States,  Terrapene  bauri,  is  described.  This  species  failed  to  endure 
general  acceptance.  It  was  later  accorded  recognition  as  a sub- 
species of  major,  and  later  dropped  to  the  synonyms  under  that 
species.  T.  triunguis,  accorded  specific  recognition  by  Taylor,  was 
later  designated  as  a subspecies  of  Carolina. 

In  1925,  Stejneger  added  a new  species  to  the  group,  Terra- 
pene nelsoni,  from  Mexico,  and  in  1933,  another  new  species, 
T.  goldmani,  also  from  Mexico.  In  1933,  in  the  Check  List  of 
North  American  Amphibians  and  Reptiles  (third  edition),  by 
Stejneger  and  Barbour,  T.  triunguis  is  again  accorded  full  specific 
recognition,  and  T.  bauri  is  taken  from  the  synonymy  and  ac- 
corded specific  rank. 

From  external  examination,  points  warranting  full  specific 
recognition  of  several  members  of  the  list,  have  not  been  satis- 
factorily clear.  T.  Carolina  and  T.  triunguis  appear  to  be  very 
closely  related,  a condition  also  indicated  with  major  and  bauri. 
Skull  characters  have  been  utilized  in  diagnosis ; also  the  number 
of  phalanges. 


4 Zoologica:  N.  Y.  Zoological  Society  [XVII;  1 

The  recognized  status  of  the  genus  Terrapene,  now  stands  as 
follows : 


Terrapene  Carolina  (Linnaeus)  . 

Terrapene  triunguis  (Agassiz)  . 

Terrapene  major  (Agassiz) 

Terrapene  bauri  Taylor 

Terrapene  ornata  (Agassiz) 

Terrapene  mexicana  (Gray) 
Terrapene  yucatana  (Boulenger) 
Terrapene  nelsoni  Stejneger.  . . . 
Terrapene  goldmani  Stejneger.  . 


Eastern  United  States  from  Maine 
to  Georgia;  westward  to  Michigan 
Gulf  of  Mexico  to  Missouri;  west- 
ward to  Oklahoma. 

Southern  Georgia  and  northern 
Florida;  westward  to  Texas. 
Peninsula  of  Florida. 

Indiana  to  the  Rockies;  southward 
to  northern  Mexico. 

“Mexico.” 

Southeastern  Mexico. 

Westerly  central  Mexico. 

Easterly  central  Mexico. 


Curiously  enough,  two  very  similarly  marked  species  are 
widely  separated  in  habitat.  As  to  the  probability  of  the  rather  re- 
cent origin  of  specific  differences  among  box  turtles,  Taylor  says : 
“The  closeness  of  the  relations  of  the  species  would  seem  to 
indicate  that  our  forms  are  varieties  rather  than  species.  How- 
ever, at  least  two  difficulties  are  in  the  way  of  this  conclusion. 
First,  there  can  be  no  question  but  that  if  we  take  two  extremes 
of  developments  of  the  species  of  the  genus,  for  instance,  T. 
major  and  T.  ornata  or  T.  Carolina  and  T.  ornata,  we  must  rec- 
ognize them  as  separate  species.  But  since  other  intermediate 
forms  seemingly  connect  these  species,  if  the  closeness  of  rela- 
tions be  considered  as  indicating  varietal  characteristics  only, 
we  are  forced  to  consider  all  species  as  varieties,  a conclusion 
that  would  seem  to  be  erroneous.  Second,  while  the  relations 
indicated  by  a study  of  the  different  species  seems  close,  yet  the 
distinctions  seem  definite  and  fixed,  even  where  the  ranges  of  the 
species  overlap.  The  study  of  a number  of  specimens  seems  to 
indicate  that  the  different  species  are  derived  from  one  form,  and 
that  afterwards,  by  isolation,  caused  possibly  by  geological  and 
climatic  agencies,  they  became  distinct.  When  we  remember  the 
comparatively  fixed  abode  of  these  animals  it  seems  reasonable 
to  suppose  that  these  changes  might  have  been  brought  about  by 
relatively  simple  agencies  which  need  not  necessarily  have  acted 
simultaneously.  Hence,  it  would  seem  proper  to  classify  each 
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form  as  a distinct  species,  each  possessing  certain  fixed  osteo- 
logical  characters.  If  these  conclusions  be  true  then  it  would  seem 
most  reasonable  to  suppose  that  T.  ornata  has  become  more  dis- 
tinct from  the  other  species  by  its  comparatively  longer  isolation., 
aided  by  the  generally  arid  climate  of  its  habitat.” 

In  the  various  groupings  of  the  order  Testudinata  marked 
differences  in  the  skull  structure  are  to  be  noted.  Considerable 
differences  even  exist  among  species  of  the  respective  groups. 
These  differences  particularly  relate  to  the  bones  bordering  the 
temporal  area.  As  extremes  of  these  differences  are  Terrapene 
and  Dermochelys.  In  the  former,  there  is  no  bony,  temporal  cover- 
ing, while  the  latter  has  the  whole  temporal  region  encased  under 
heavy  osseous  roof.  The  absence  of  temporal  encasement  with 
Terrapene,  is  associated  with  reduction  to  remnants  of  the  lateral 
bones  defined  as  the  quadrato jugal  and  the  jugal.  This  condition 
differs,  however,  among  the  species.  Differentiation  in  the  relative 
size  of  the  quadrato  jugal  and  the  jugal,  and  the  presence  or 
absence  of  a zygomatic  arch  has  formed  a basis  for  diagnosis. 
Taylor,  and  later,  Boulenger  stressed  this  point  and  utilized  it 
in  the  formation  of  keys  of  the  genus.  Lonnberg,  however,  has 
indicated  that  Taylor’s  osteological  definitions,  do  not  hold.*  The 
point  is  open  for  further  study  with  extensive  series  of  specimens. 

Gray  overlooked  the  rudimentary  quadratojugal  in  T.  Caro- 
lina, and  Agassiz  in  defining  the  genus  speaks  of  the  temporal 
arch  as  “either  cartilaginous  or  only  partially  ossified,”  then 
describing  a new  species,  T.  major,  yet  omitting  mention  that  a 
zygomatic  arch  formed  by  a fusing  of  the  quadratojugal  with  the 
jugal,  produced  a connection  between  the  area  of  the  quadrate 
close  to  the  tympanic  cavity  and  the  margin  of  the  orbit.  Taylor 
points  out  that  with  T.  Carolina,  T.  triunguis  and  T.  mexicana  the 
zygomatic  arch  is  incomplete  and  with  T.  ornata  it  has  practically 
disappeared — with  the  exception  of  a vestigial  trace  of  the  jugal. 
This  method  of  diagnosis  is  defined  by  Taylor,  in  a plate,  which 
appears  satisfactorily  convincing.  It  was  Dr.  G.  Baur,  of  the 
University  of  Chicago,  who  in  working  upon  the  taxonomy  of 
Terrapene  first  pointed  to  the  modification  of  the  zygomatic  arch 
as  providing  a definite  working  basis  in  separating  species  other- 


*Proceedings  of  the  United  States  National  Museum,  Vol.  19,  1896,  p.  253. 
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wise  difficult  to  define.  Taylor  explains  that  his  work  was  a con- 
tinuation of  the  investigation  begun  by  Baur. 

In  preparing  a resume  of  the  recognized  species  of  box 
turtles,  the  author  has  gone  through  a considerable  series  of  pub- 
lications in  search  of  data,  and  the  descriptions  to  follow  form 
composite  outlines  of  the  more  important  points,  also  including 
field  notes  and  some  original  observations  made  by  the  author. 
The  illustrations,  at  the  conclusion  of  this  article,  are,  so  far  as 
the  author  is  aware,  the  most  complete  studies  of  the  genus  ever 
brought  together,  as  all  the  known  species  are  represented,  and 
color  sensitive  plates  were  employed  in  bringing  out  details  of 
pattern.  For  several  important  photographs,  of  type  specimens, 

I am  indebted  to  Dr.  Leonhard  Stejneger,  who  sent  me  the  pic- 
tures from  the  files  of  the  United  States  National  Museum. 

General  description:  Upon  gross  examination,  the  shells, 
both  carapace  and  plastron  of  most  of  the  species  of  Terrapene, 
show  no  great  differences.  All  are  rather  high  and  globular,  some 
proportionately  higher  than  others,  and  again,  there  are  differ- 
ences in  the  proportionate  lengths  and  widths.  With  some  species 
there  is  a tendency  for  the  posterior  margin  of  the  upper  shell 
to  flare,  outward  and  upward,  particularly  with  the  males.  This 
tendency,  however,  even  with  a given  species  may  show  marked 
variation.  With  all  the  species,  the  plastron  is  divided  into  two 
movable  lobes,  separated  from  each  other  and  from  the  carapace 
by  ligamentary  structure.  There  is  no  bridge,  as  with  some  of  the 
water  turtles  having  movable  sections  of  the  plastron.  The  trans- 
verse hinge  and  movable  halves  of  the  lower  shell  are  of  such 
highly  perfected  development  that  the  head,  limbs  and  tail  may 
be  withdrawn  and  the  plastron  closed  tightly  like  a box,  the  mar- 
gin of  closing,  with  most  specimens,  so  precisely  matched,  that 
it  is  impossible  to  insert  a broom  straw  at  any  portion. 

All  of  the  species  of  Terrapene  are  quite  terrestrial,  their 
habits  rather  closely  approaching  the  species  of  typical  tortoises, 
Testudo  and  allies,  which,  in  their  specialization  for  a life  remote 
from  water,  have  lost  all  traces  of  the  webbed  digits  of  their 
more  numerous,  aquatic  allies.  The  relationship  of  Terrapene , 
however,  is  much  closer  to  the  water  turtles,  as  indicated  by 
remaining  traces  of  webbing  upon  the  hind  feet  of  several  of  the 
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species.  Moreover,  the  members  of  this  genus  are  not  so  much 
inclined  to  frequent  particularly  dry  areas  as  with  Testudo  and 
immediately  related  genera.  Most  of  the  box  turtles  select  wood- 
land areas,  even  places  which  may  be  quite  damp.  They  wander 
into  the  margins  of  swamps  and  infiltrated  borders  of  brooks,  in 
which  situations  examples  may  sometimes  be  found  half  buried 
in  soggy  soil.  While  these  tendencies  point  to  lingering,  hereditary 
influence  of  aquatic,  ancestral  forms,  they  are  but  poor  and 
clumsy  swimmers  owing  to  their  globular  shells  and  stout,  com- 
paratively webless  feet. 

The  feeding  of  all  members  of  the  genus  is  similar  to  that 
of  the  typical  tortoises,  being  partially  herbivorous,  varied  with 
insects,  particularly  the  larval  forms,  small  snails,  slugs  and 
earthworms.  Berries  are  a favorite  part  of  the  diet. 

A detailed  outline  of  the  species  follows : 

Terrapene  Carolina  (Linnaeus) 

Eastern  Box  Turtle;  Common  Box  Turtle;  Box  Tortoise 

Testudo  Carolina , Linnaeus,  Ed.  10,  Syst.  Nat.,  Vol.  1, 
1758,  p.  198. 

Distribution:  The  species  has  a broad  range,  although  not 
so  extensive  as  the  western  T.  ornata.  T.  Carolina  occurs  from 
Maine  to  Georgia,  westward  to  Tennessee,  western  Illinois,  and 
northward  to  central  Michigan.  Its  distribution  in  most  of  the 
states  within  this  area  is  “spotty,”  and  while  this  condition  has 
long  been  the  case  owing  to  box  turtle  preference  for  thin  wood- 
land, or  brushy  areas,  occurrence  is  becoming  more  restricted 
from  widening  of  roads  and  motor  traffic,  resulting  in  the  killing 
of  many  turtles  which  endeavor  to  cross  the  highways.  The  spe- 
cies is  common,  however,  in  many  localities,  even  in  some  of  the 
wooded  suburban  areas  surrounding  New  York  City. 

During  the  spring  of  1933,  the  author  received  over  a dozen 
specimens,  from  the  restricted  reservoir  areas  of  Westchester 
County,  New  York,  which  tracts  are  serving  as  shelters  for  vari- 
ous wild  creatures — even  to  fair  numbers  of  poisonous  serpents. 
Specimens  were  also  brought  in  from  the  woods  at  the  top  of  the 
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Palisades  of  the  Hudson,  which  have  also  come  to  be  under 
protection.  A series  of  several  dozen  box  turtles  was  received 
from  Long  Island,  where  T.  Carolina  is  quite  common  on  the 
North  Shore,  in  the  vicinity  of  Gardiner  and  Shelter  Islands. 
Specimens  were  also  observed  on  Gardiner  Island  during  1933. 
Relating  to  the  box  turtle  on  Long  Island,  Mr.  Madison  Grant 
explains  : “Box  turtles  have  been  very  common  on  Long  Island. 
In  my  boyhood  they  were  to  be  found  on  my  grandfather's  place, 
which  is  now  Belmont  Park.  Twenty  years  later  they  were  found 
in  abundance  back  of  Oyster  Bay,  and  more  recently  they  were 
very  numerous  east  of  Southampton." 

Pointing  to  present  abundance  of  box  turtles  in  some  por- 
tions of  Long  Island,  is  the  following  observation  of  Mr.  William 
R.  Potts,  of  Cold  Spring  Harbor : 

“The  pond  where  I have  found  the  box  turtles  is  about  three  miles 
south  of  Huntington,  Long  Island.  It  is  really  more  of  a mud  hole  than 
a pond,  having  no  apparent  inlet  or  outlet,  but  is  fairly  deep  in  the  middle 
and  about  two  hundred  yards  in  circumference. 

“The  turtles  congregate  in  the  mud  around  the  edge  and  you  can 
sometimes  pick  up  three  or  four  in  one  scoop. 

“I  collected  about  forty  of  them  yesterday”  (July,  1933)  “and  tried 
to  get  a picture  of  them  all  together.  I will  send  it  to  you  if  it  comes  out.” 

As  it  is  of  interest,  at  least  with  the  box  turtles  of  the 
United  States,  to  outline  skull  characters  as  a possible  aid  in 
definition  of  species,  an  examination  of  a plate  in  Taylor’s  ar- 
ticle,* points  to  the  following  specific  deduction  for  T.  Carolina: 
Quadrato jugal  vestigeal,  triangular  and  connected  only  with  the 
quadrate.  Hence  there  is  an  absence  of  the  zygomatic  arch. 

There  are  four  claws  on  the  hind  foot,  which  is  slightly 
webbed.  With  male  specimens,  the  front  and  rear  margins  of  the 
upper  shell  usually  flare  outwTard,  and  with  some  individuals  curl 
upward.  There  is  considerable  variation  in  this  marginal  shell 
flare.  With  most  females  it  is  but  slightly  apparent,  some  ex- 
amples being  of  globular  outline,  the  lateral  declivity  plunging 
sharply  downward,  with  no  protrusion  at  any  portion  of  the 
margin. 

Pattern,  both  above  and  beneath,  is  extremely  variable,  but 
this  species  may  be  said  to  generally  display  the  coarsest  mark- 


*Later  disputed  by  Lonnberg. 
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ings  of  the  genus;  with  least  tendency  of  the  yellow  markings 
to  become  linear  and  radiate  from  the  center  of  the  shields.  The 
markings  may  consist  of  short,  yellow  bands,  arranged  in  irreg- 
ular groups  in  each  shield,  or  of  bands  that  run  together  on  the 
sides  to  form  broad  E-like  markings.  The  plastron  may  be  dark 
bro^n,  black,  or  blotched  with  yellow.  Male  examples  usually 
have  bright  red  eyes  and  heads  brightly  blotched  or  speckled 
with  yellow. 

Dimensions:  The  measurements  of  an  adult  male  from  the 
state  of  New  York  are  as  follows : Length  of  carapace  5%  inches ; 
width  of  carapace,  4%  inches.  Height  of  combined  shell,  24/2 
inches. 

Habits:  There  is  similarity  of  habits  among  all  the  species 
of  box  turtles  and  a summary  of  observations  relating  to  T.  Caro- 
lina produces  a composite  picture  of  the  genus. 

From  field  observations  the  author  is  convinced  that  box 
turtles  dig  no  burrow  in  which  to  take  shelter.  Owing  to  this,  they 
differ  from  typical  tortoises  ( Testudo  and  allied  genera),  to 
which  they  otherwise  show  parallelism  in  form  and  terrestrial 
habits.  They  have  a habit,  however,  when  resting,  of  partially 
imbedding  the  shell  by  successively  shoveling  with  anterior  limbs 
and  hind  feet,  thence  by  twisting  and  forcing  the  shell  into  the 
loosened  soil,  covering  its  marginal  area.  A specimen,  thus  half 
imbedded,  is  difficult  to  detect. 

Like  other  terrestrial  members  of  the  order,  it  appears  that 
box  turtles  live  to  a considerable  age.  The  writer  has  three  author- 
itative records,  of  thirty-three  years,  thirty  years  and  twenty- 
seven  years,  respectively.  All  of  these  specimens  were  adult 
when  first  placed  under  observation,  so  their  actual  ages,  over 
the  periods  mentioned,  are  subject  to  conjecture.  The  specimen 
under  observation  for  twenty-seven  years,  is  shown  on  an  accom- 
panying plate.  It  lived  the  greater  part  of  the  time  in  the  kitchen 
of  a farmhouse,  which,  eliminating  opportunity  to  scratch  and 
dig  in  soil,  may  account  for  its  exceptionally  long  claws.  Its  mand- 
ibles also  grew  to  be  abnormally  elongated. 

The  specimen  under  observation  approximately  thirty-three 
years  is  described  by  Mrs.  Margaret  A.  Gruner,  of  New  York 
City,  as  follows: 
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“Relative  to  the  age  of  the  box  turtle  I had  you  send  for,  and  which 
you  have  at  the  Park  now,  I wish  to  say  that  when  I was  a girl  at  the 
age  of  six  or  seven,  which  is  nearly  thirty-three  years  ago,  I remember  this 
turtle  walking  about  my  father’s  farm,  which  was  then  where  the  Yankee 
Stadium  now  stands.  It  was  the  only  box  turtle  ever  around  the  place  and 
it  kept  itself  in  and  around  the  glass-covered  hot  beds. 

“When  our  house  was  torn  down  and  the  steam  shovels  started  work 
there  was  some  deep  digging  for  a garage.  It  was  then  that  my  father, 
George  Einberger,  saw  our  turtle,  crawling  between  the  curb  and  the  side- 
walk. Father  took  him  to  our  store.  Since  then  we  sold  the  store  and  I 
have  had  him  in  the  apartment  here  for  over  a year.  Now  I hope  he  will 
spend  a long  time  at  the  Bronx  Zoological  Park/’ 

The  specimen  thus  described  by  Mrs.  Gruner  showed  a tend- 
ency for  elongation  of  claws  and  upper  mandible,  as  seen  with 
the  example  under  observation  for  twenty-seven  years,  but  the 
condition  was  not  so  pronounced,  owing  probably,  to  this  turtle 
living  the  greater  part  of  the  time  under  more  natural  conditions. 

In  the  radiating  specialization  of  the  Testudinata,  the  tend- 
ency in  reproduction  has  been  for  the  development  of  a large 
number  of  eggs  among  the  species  of  marine  turtles,  a moderate 
number  among  the  fresh-water  species  and  around  six  or  less 
among  terrestrial  kinds.  The  small  clutches  of  eggs  noted  among 
box  turtles  indicate  a parallelism  of  habits  with  the  more  highly 
specialized  terrestrial  kinds. 

The  eggs  of  box  turtles  are  ovoidal  and  covered  with  a thin, 
but  hard  shell.  Available  records  indicate  that  four  to  six  eggs 
are  laid,  the  writer  having  no  data  citing  a greater  number 
than  six. 

Mr.  and  Mrs.  William  R.  Potts  have  made  extensive  studies 
of  box  turtles.  They  have  kindly  furnished  the  author  with  the 
record  of  a box  turtle  laying  four  eggs  on  the  21st  of  June, 
at  Oyster  Bay,  Long  Island.  The  female  excavated  a hollow  with 
her  hind  feet,  during  the  early  evening.  She  then  carefully 
scraped  loose  soil  into  the  hollow  until  the  ground  was  level. 
Mr.  Potts  transferred  the  eggs  to  his  garden  and  after  five 
weeks  opened  one  of  them.  It  contained  a well-developed  embryo. 
Two  the  eggs  were  accidentally  destroyed  by  children  and  the 
remaining  eggs  hatched  on  the  21st  of  September,  the  freshly- 
emerged  turtle  working  its  way  to  the  surface  through  well- 
packed  soil.  At  the  time  of  hatching  it  was  “about  the  diameter 
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of  a nickel,  was  taken  indoors,  and  by  November  10th  had 
increased  about  one  hundred  per  cent  in  size.”  It  was  photo- 
graphed on  November  10th  alongside  a rule  and  the  illustration 
accompanies  this  text. 

Miss  Marion  Bush,  of  New  York  City,  and  with  a summer 
home  in  Connecticut,  has  made  detailed  studies  of  box  turtles 
over  a number  of  years.  She  has  kindly  furnished  the  following 
notes : 

“On  the  22nd  of  June,  1927,  I saw  a female  lay  her  eggs  (six)  near 
my  home  in  Connecticut.  I protected  the  nest  with  wire  netting.  On  the 
9th  of  October  the  first  of  the  young  came  out  of  the  ground.  On  digging 
down,  I found  another  free  of  the  shell  and  with  the  egg  yolk  absorbed. 
A third  was  still  in  the  shell,  but  came  out  in  my  hand  a few  hours  later. 

“Two  of  the  young  turtles  are  now  alive  (1933)  and  have  made  what 
seems  to  me  a satisfactory  growth.  The  band  developed  each  year,  seems 
wider  and  smoother,  than  those  I have  noticed  on  wild  specimens.  I have 
also  three  young  turtles  that  were  hatched  October  8th,  1932.  The  eggs 
were  given  to  me  by  a farmer  and  I was  obliged  to  construct  the  nest  myself. 
The  young  turtles  do  not  seem  to  be  as  vigorous  specimens  as  the  first, 
I imagine  because  the  nest  did  not  get  enough  sun.” 

One  of  the  slightly  more  than  five-year-old  examples  de- 
scribed in  Miss  Bush’s  observations,  was  brought  by  her  to  the 
Zoological  Park,  and  photographed  as  a record  for  this  article. 
It  is  of  mature  dimensions,  illustrating  that  a box  turtle  may 
attain  adult  size  in  this  period. 

Among  other  observations  made  by  Miss  Bush,  are  the  fol- 
lowing : 

“As  to  the  time  of  day  at  which  the  eggs  are  laid: — The  female  comes 
to  select  a place  about  six  o’clock  in  the  evening,  at  a time  when  turtles 
have  generally  retired  for  the  night.  My  theory  is  that  the  hour  is  chosen 
in  order  that  she  may  be  free  from  interruption,  as  the  male  turtle  is  a 
most  ardent  and  inconsiderate  wooer,  apparently  ready  to  mate  at  any 
season  of  the  year.  The  mother  of  my  five-year-old  turtles  appeared  in  the 
lane  in  front  of  my  house  at  about  six  o’clock  and  was  seen  digging  for 
some  time  ineffectually  in  the  stony  ground.  At  last  I moved  her  to  a place 
on  the  other  side  of  the  lane,  where  I knew  box  turtles  had  nested  in  other 
years;  for  I had  seen  torn-up  nests  and  scattered  eggs-shells — the  work 
of  skunks,  I imagine. 

“Having  placed  her  on  good  nesting  ground,  I went  in  to  dinner.  About 
an  hour  later  I returned  to  find  she  was  well  started  in  digging,  the  whole 
process  being  performed  by  the  hind  feet.  The  hole,  when  it  was  ready 
to  receive  the  eggs,  must  have  been  about  three  inches  deep,  though  I didn’t 
dare  to  get  too  near,  for  fear  of  disturbing  her,  to  make  a very  exact 
observation.  As  the  eggs  were  dropped  she  arranged  them  carefully  with 
her  hind  feet,  the  claws  turned  outward  to  avoid  contact  with  the  shells. 
When  the  eggs  had  been  laid,  she  began  scraping  the  earth  over  them,  a 
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process  that  seemed  endless,  for  when  the  ground  was  perfectly  smooth 
she  was  still  at  it  leveling  away  to  leave  no  trace. 

“By  that  time,  about  nine  o’clock,  it  was  just  light  enough  to  see  what 
I was  about,  and  lifting  her  up,  still  scraping,  I covered  the  nest  with 
wire  netting. 

“It  was  during  the  same  week  that  I walked  to  a spot  where  I knew 
turtles  were  abundant  to  see  if  there  were  any  nesting  females  and  at  about 
the  same  time  of  the  evening — between  six  and  seven  o’clock — I found  at 
the  edge  of  the  woods,  a very  ancient  female.  Her  carapace  was  absolutely 
smooth,  the  edges  so  worn  that  there  was  no  flare  whatever.  She  had  been 
marked  with  a date  in  the  rather  unusual  place,  across  the  anterior  half 
of  the  plastron.  The  date  was  1809 — nearly  worn  away — but  I think  there 
is  no  doubt  about  it,  and  judging  from  the  extreme  age  of  the  turtle,  I 
believe  it  was  a true  date.  I can  hardly  believe  that  so  old  a turtle  could 
still  be  reproductive,  but  the  old  midsummer  tradition  still  called  her  forth 
at  the  appointed  time.  I did  not  see  her  make  any  attempt  to  dig. 

“One  morning  about  the  middle  of  June,  as  I was  crossing  a pasture 
lot,  I came  upon  a group  of  three  box  turtles,  two  males,  which  had 
evidently  been  fighting  and  a female  rolled  on  her  back,  her  plastron  tightly 
closed.  Unfortunately,  I could  not  wait  to  see  what  finally  happened.  A 
curious  instance  of  fighting,  for  sheer  love  of  fighting,  came  to  my  atten- 
tion some  years  ago.  In  walking  through  the  fields  I collected  a number  of 
box  turtles,  which  I set  free  almost  immediately.  One  was  an  unusually 
handsome  male,  quite  unblemished  except  for  a curious  scar  across  his  nose. 

“After  carrying  him  a little  I put  him  down  in  company  with  a smaller 
(but  older  male).  Chancing  to  come  upon  them  later,  I found  the  one  with 
the  scarred  nose  making  the  most  furious  onslaughts  on  the  other,  who 
had  wisely  shut  himself  up  and  was  impervious  to  attack.  The  attacker 
continued  to  make  lunges  until  his  nose  was  torn  and  bleeding  from  the 
contact  with  the  other’s  shell.  Finally  he  succeeded  in  turning  his  victim 
upon  its  back,  whereupon  he  planted  his  feet  firmly  upon  the  closed  plastron 
and  stood  with  neck  outstretched,  lacking  only  the  voice  to  crow  over  his 
victory.  Then  I understood  the  meaning  of  those  scars,  a condition  which 
I have  never  observed  in  any  of  the  box  turtles  I have  examined  before 
or  since.” 

Terrapene  triunguis  (Agassiz) 

Three-toed  Box  Turtle, 

Cistudo  triunguis , Agassiz,  Contributions  Nat.  Hist.  U. 
S.,  Vol.  1,  1857,  p.  445. 

Distribution : Coastal  plain  of  the  Gulf  of  Mexico  from 
southern  Georgia  to  southeastern  Texas  and  into  the  Mississippi 
basin  as  far  north  as  Missouri  and  westerly  into  Oklahoma. 

For  a number  of  years  triunguis  has  been  relegated  to  the 
status  of  a subspecies  of  Carolina.  In  the  third  edition  of  the 
Check  List  of  North  American  Reptiles  and  Amphibians,  by 
Stejneger  and  Barbour  (1933),  it  is  again  accorded  full  specific 


1934] 


Ditmars : A Review  of  the  Box  Turtles 


13 


rank.  Taylor,  who  accorded  it  specific  recognition,  points  out  that 
the  quadrato jugal  is  rudimentary  and  triangular,  connected  only 
with  the  quadrate — hence  the  zygomatic  arch  is  absent.  In  that 
regard,  he  explains,  there  is  close  similarity  to  Carolina.  Other 
points  to  be  considered  are  the  absence  of  webs  between  the 
digits,  and  only  three  claws  on  the  hind  foot,  which  is  compara- 
tively much  narrower  than  with  Carolina. 

Dr.  Harold  L.  Babcock,  Curator  of  Reptiles  of  the  Boston 
Society  of  Natural  History,  in  a letter  to  the  author,  says: 
“Recently  I went  over  the  group  (box  turtles)  in  the  collection 
of  the  Museum  of  Comparative  Zoology  and  * * * it  seems  to 
me  that  there  are  five  distinct  forms  in  the  United  States;  1, 
T.  bauri  Taylor;  2,  T.  Carolina  (Linnaeus)  ; 3,  T.  major  (Agas- 
siz) ; 4,  T.  ornata  (Agassiz),  and  5,  T.  triunguis  (Agassiz).  To 
be  sure  these  five  forms  are  not  of  equal  value,  but  the  distinc- 
tions are  fixed  and  definite  even  where  overlapping  in  range 
occurs. 

“I  sent  my  findings  to  Dr.  Stejneger  for  criticism  and  he 
replied  that  he  was  prepared  to  elevate  triunguis  again  to  full 
specific  rank  in  the  forthcoming  edition  of  the  Check  List.” 

The  carapace  of  the  Three-toed  Box  Turtle  is  moderately 
oval,  keeled  and  slightly  compressed.  Coloration  is  variable.  The 
ground  color  is  brownish,  mottled,  streaked  or  spotted  with  yel- 
low, which  may  be  more  or  less  obscure.  Horn-colored,  dull  olive 
or  yellowish  specimens  are  commonly  found.  Dimensions  are  sim- 
ilar to  T.  Carolina,  though  there  is  an  indicated  tendency  of 
slightly  lesser  size. 

Terrapene  major  (Agassiz) 

Gulf  Coast  Box  Turtle 

Cistudo  major,  Agassiz,  Contributions  Nat.  Hist.  U.  S., 
Vol.  1,  1957,  p.  445. 

Distribution : Southerly  Georgia  and  northern  Florida,  west- 
ward along  the  Gulf  to  southeastern  Texas. 

Boulenger’s  condensed  description  reads : “Larger  and  more 
oval,  less  gibbose”  (than  Carolina) . “Hook  of  upper  jaw  notched, 
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bicuspid.  Digits  shortly  but  very  distinctly  webbed.  Carapace 
brown  with  yellow  spots,  or  yellowish  olive  with  dark  brown  dots 
and  margins  to  the  shields ; plastron  yellow,  the  sutures  between 
the  shields  blackish.  Head  and  limbs  brown  with  yellow  or  orange 
spots.” 

Taylor  points  out  that  the  zygomatic  arch  is  complete  and 
relatively  broader  than  with  what  appears  the  nearest  related 
species — T . bauri. 

Largest  of  the  species  occurring  in  the  United  States,  and 
attaining  a length  of  carapece,  by  straight  calibration,  of  slightly 
over  seven  inches. 

Olive  or  uniform  horn-colored  examples,  without  spots,  are 
not  uncommon.  With  well-marked  examples  the  yellowish  pattern 
is  usually  seen  as  separated,  radiating  bands  or  streaks.  There 
may  be  a spot-like  formation,  but  without  tendency  to  form  a 
fused,  central  pattern  within  the  shields  as  with  Carolina . The 
plastron  is  yellowish,  or  olive,  and  usually  free  of  markings 
except  for  bordering  of  dark  brown  or  black  between  the  shields. 

Taylor  says:  “Terrapene  major  may  be  said  to  be  strictly 
a gulf  species,  having  for  its  range  the  gulf  coast  from  the  Rio 
Grande  to  Florida,  possibly  including  southern  Georgia.  The 
specimens  examined  by  me  seem  to  be  larger  in  the  average  than 
individuals  of  other  species,  and  in  general  osteological  characters 
they  certainly  represent  the  primitive  form  of  the  genus.  They 
possess  a well-developed  quadratojugal,  a complete  zygomatic 
arch,  and  are  distinguished  from  T.  bauri  by  the  number  of 
phalanges,  color  pattern,  and  webbed  digits,  there  being  four 
claws  on  each  hind  foot.” 

The  “four-clawed”  diagnosis  fails  to  uniformly  hold.  In  a 
letter  from  Dr.  Babcock,  of  Boston,  is  the  note:  “*  * * I have 
seen  a typical  T.  major  with  three  claws.”  The  author,  in  going 
through  a recent  series  of  T.  major  from  Georgia,  found  both 
three-  and  four-clawed  specimens. 

In  the  easterly  range,  the  markings  of  many  examples  are 
particularly  linear  and  radial,  so  closely  approaching  the  mark- 
ings of  bauri  that  the  species  are  difficult  to  separate  on  gross 
examination.  Also,  to  add  to  confusion,  in  series  of  bauri 
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(described  as  a three-clawed  speces)  four-clawed  examples  are 
not  uncommon.  Thus  major  and  bauri  show*  close  relationship, 
and  of  all  the  species  of  Terrapene,  bauri  appears  to  be  the  most 
dubious  in  full  specific  separation.  Provisionally,  it  may  be  well  to 
accord  it  full  rank,  but  examination  of  further  series  of  major 
from  its  easterly  range  may  demonstrate  such  integradation  as 
to  prove  bauri  but  a peninsula  race,  with  reduced  webbing  and 
loss  of  claw  (although  not  uniformly),  resulting  from  pioneering 
into  the  sandy  soil  of  the  southeastern  United  States. 

Terrapene  bauri  Taylor 
Baur’s  Box  Turtle  ; Florida  Box  Turtle 

Terrapene  bauri,  Taylor,  Proceedings  of  the  United 
States  National  Museum,  Washington,  No.  1019,  May  11, 
1895,  p.  576. 

Distribution:  The  peninsula  of  Florida. 

Taylor’s  original  description  follows:  “Quadrato jugal  well 
developed;  zygomatic  arch  complete,  though  not  as  wide  as  in 
T.  major.  Webs  absent.  Number  of  phalanges  in  the  forefoot, 
2-3-3-S-2 ; hind  foot,  2-3-3-2-1.  Number  of  claws  on  the  hind 
foot,  3. 

“Carapace  semicircular  in  transverse  outline,  imperfectly 
oblong  in  horizontal  outline.  Median  ridge  and  keel  distinct.  First 
pleural  plate  more  than  three  times  as  long  as  wide.  Ratio  of 
width  to  length  of  the  carapace  approximately  10  to  13. 

“Ground  color  of  the  carapace  dark  brown,  sometimes 
slightly  olive,  marked  with  yellow,  arranged  in  radiating  lines 
rather  than  single  spots ; keel  yellow.  The  markings  of  the  cara- 
pace bear  a very  close  resemblance  to  the  extreme  western  species 
T.  ornata,  a species  from  which  it  is  entirely  separated  geograph- 
ically. Plastron  yellowish,  with  but  few  markings. 

“The  type  (No.  8352,  U.S.N.M.)  was  collected  in  Florida 
by  F.  B.  Meek. 

“The  species  is  named  for  Dr.  Baur,  who  first  noted  the 
peculiarities  of  the  type,  but  having  only  the  one  specimen  con- 
sidered it  as  an  exceptional  individual  of  T.  triunguis 
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It  will  be  noted  that  Taylor  specifically  mentions  that  bauri 
has  three  claws  uppn  the  hind  foot.  During  the  preparation  of 
this  article,  however,  the  author  received  eighteen  living  speci- 
mens from  Township  13,  Range  23  East,  Marion  County,  Florida. 
Of  these  specimens,  six  had  four  claws  on  the  hind  foot,  and  the 
balance  had  the  normal  (as  described  for  the  species)  three 
claws.  Some  of  the  specimens  had  the  upper  (external  horny) 
mandible  deeply  notched,  while  with  others,  the  upper  jaw  was 
pointed.  The  notching  of  the  upper  mandible  occurred  indis- 
criminately among  four-  and  three-clawed  examples. 

The  author  sent  several  of  these  specimens  to  Dr.  Babcock, 
at  Boston.  All  had  similar  markings,  long  and  radial,  but  the 
author  queried  the  four-clawed  specimens,  with  notched  mand- 
ibles as  major , as  both  points  of  development  came  within  the 
description  of  that  species.  Dr.  Babcock  examined  the  specimens, 
and  replied: 

“I  should  call  all  five  specimens  T.  bauri,  based  on  the  following 
reasoning: — The  individual  variation  is  so  great  in  all  the  Box  Turtles 
that  they  have  to  be  judged  in  groups.  I have  found  notching  of  the  upper 
mandible  and  webbing  between  the  hind  toes  so  variable  as  to  be  unreliable 
as  specific  characters.  I did  think  that  three  claws  was  a good  character, 
but  I have  seen  a typical  T.  major  with  three  claws,  and  two  of  your 
specimens  have  four.  It  seems  to  me  that  your  specimens  have  the  typical 
T.  bauri  build  and  pattern:  fairly  high  shell  usually  with  the  highest 
point  posterior  to  the  middle,  prominent  keel  and  more  elongate  form. 
T.  major  is  larger,  broader  and  flatter,  with  a different  color  pattern. 
* * * Although  Dr.  Stejneger  has  taken  T.  bauri  out  of  the  synonymy  and 
given  it  full  rank  in  the  new  Check  List,  I know  that  he  feels  that  the 
genus  is  so  variable  that  a hard  and  fast  key  is  at  present  impossible.” 

The  specimens  examined  by  Dr.  Babcock  were  described  by 
the  collector,  C.  C.  Tyler,  as  found  under  the  following  condi- 
tions: Open  pine  woods;  hammock  with  small  stream  running 
through  it;  cypress  pond  dried  up  except  small  hole;  thick  pine 
woods  next  to  branch  hammock. 

Terrapene  ornata  (Agassiz) 

Western  Box  Turtle 

Cistudo  ornata,  Agassiz,  Contributions  to  the  Natural 
History  of  the  United  States,  Vol.  1,  p.  445,  PI.  Ill,  figs. 
12,  13. 
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Distribution:  Indiana,  Illinois,  and  area  between  the  Mis- 
souri and  Mississippi  Rivers  and  the  Rocky  Mountans  from  the 
Yellowstone  River  in  the  north  to  the  Gulf  of  Mexico  in  the  south, 
southern  New  Mexico  and  Arizona  and  northern  Mexico.  (Stej- 
neger  and  Barbour). 

Taylor  says:  “This  species  may  be  said  to  belong  to  the 
plains  and  the  table  lands.  In  Kansas,  where  it  becomes  extremely 
numerous,  Prof.  Cragin  speaks  of  it  as  so  abundant  as  to  become 
a nuisance  as  a cumberer  of  the  ground.  It  seems  to  subsist  and 
thrive  in  our  most  arid  climates,  being  found  in  the  sand  hills  of 
Nebraska  and  the  barren  regions  of  New  Mexico  and  Texas.” 

The  species  occurs  broadly  through  Texas,  ranging  easterly 
well  past  the  central  portion. 

This  is  a very  distinct  species  among  the  box  turtles.  Its 
shell  is  particularly  wide  and  globular,  although  flattened  at  the 
summit,  and  with  slight,  or  no  marginal  flare. 

Reverting  to  Taylor's  method  of  diagnosis,  its  skull  has  been 
described  as  distinct  in  the  entire  absence  of  a quadrato jugal. 
There  are  four  claws  on  the  hind  foot.  The  average  size  is  smaller 
than  the  eastern  species. 

The  usual  ground  color  of  the  carapace  is  dark  brown, 
marked  with  sharply-defined  yellow,  radiating  lines.  The  plastron, 
as  a rule  is  strikingly  marked  with  yellow  lines  or  bands  running 
in  various  directions.  Occasional  specimens  are  tan  or  yellowish, 
with  indistinct  markings.  Curiously  enough,  the  markings,  in  the 
elongation  of  the  sharply  cut  yellow  lines,  are  strikingly  similar 
to  the  widely  separated  (geographically)  bauri  of  Florida,  even 
to  there  being  a tendency  for  the  latter  to  have  strong  linear 
markings  upon  the  plastron,  which  may  be  noted  among  the  illus- 
trations at  the  conclusion  of  this  article.  This  condition  may  point 
to  parallelism  without  relationship,  induced  in  each  instance  upon 
forms  inhabiting  areas  of  dry  soil — T.  ornata  inclining  toward 
open  and  rather  arid  areas,  and  bauri  an  extension  from  major 
stock  into  the  sandy  soil  of  Florida. 
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Terrapene  mexicana  (Gray) 

Mexican  Box  Turtle;  Three-toed  Box  Turtle 

Onychotria  mexicana,  Gray,  Proceedings  of  the  Zoolog- 
ical Society  of  London,  1849,  p.  17,  PL  II. 

Distribution:  The  precise  range  of  this  species  has  not  been 
definitely  determined.  In  the  original  description  is  the  line: 
((Hab.  Mexico.” 

“The  species  seems  to  penetrate  rather  far  southward  into 
Mexico,  as  Bocourt  mentions  it  from  Tampico  and  the  city  of 
Mexico”  (Gunther). 

“Mexico”  (Boulenger). 

With  T.  mexicana  the  zygomatic  arch  is  idicated  to  be  absent, 
the  quadrato jugal  being  very  rudimentary  and  proportionately 
similar  to  the  skull  structure  of  T.  Carolina. 

Gray's  original  description  follows : “In  a collection  of  rep- 
tiles recently  received  from  Mexico  are  two  specimens  of  a Box 
Tortoise,  which,  besides  differing  from  the  common  box  tortoise 
of  North  America,  in  being  of  a more  elongated  form,  both  agree 
in  two  characters,  which  are  not  found  in  that  species  or  in  other 
species  of  the  genus;  first,  in  having  an  additional  vertebral 
plate ; and  secondly,  in  the  hind  feet  being  only  armed  with  three 
large  claws : there  is  no  appearance  of  the  fourth  claw,  and  even 
scarcely  any  rudiment  fourth  toe  found  in  the  other  species  of 
this  genus,  and  in  all  other  Emydae. 

“This  species  will  form  a section  or  subdivision  of  the  genus, 
which  may  be  called  Onychotria.  * * * 

“Shell  oblong,  dark-brown,  pale,  spotted  and  rayed,  spot  and 
rays  sometimes  confused. 

“Vertebral  plates  with  a nearly  continued  keel,  and  with  a 
small  intermediate  one  between  the  usual  fourth  and  fifth  plates. 

“The  hinder  margin  acute  revolute. 

“The  head  pale  brown;  the  legs  yellow  or  orange  spotted, 
with  five  unequal  claws. 

“The  hind  legs  brown,  uniform,  with  only  three  large  claws, 
the  middle  and  the  front  one  largest. 
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“The  sternum  flat ; the  gular  plates  wide  in  front,  and  sud- 
denly narrowed  behind. 

“Hab.  Mexico.” 

Terrapene  yucatana  (Boulenger) 

Yucatan  Box  Turtle 

Cistudo  yucatana,  Boulenger,  the  Annals  and  Magazine 
of  Natural  History,  Vol.  XV,  Series  6,  London,  1895,  pp. 
330-331.  (No  figure.)* 

Distribution:  Not  definitely  described,  but  indicated  as  east- 
erly Mexico,  including  the  Yucatan  peninsula.  A specimen  exam- 
amined  by  the  writer  and  illustrated  in  an  accompanying  plate 
is  marked  “Near  Tampico.” 

Preceding  Boulenger’s  description  of  yucatana  is  a key  to 
six  species.  Yucatana  falls  into  a grouping:  “No  bony  temporal 
arch — quadratojugal  bone  vestigeal.”  The  description  follows: 

“In  shape  and  size  (length  145  mm.)  the  shell  of  C.  yucatana  resembles 
more  Carolina,  but  it  is,  in  one  of  the  specimens,  rather  more  elongate.  The 
shields  of  the  carapace  are  yellowish,  bordered  with  dark  brown  and  with 
some  irregular  brown  spots,  or  nearly  uniform  dark  brown.  The  plastron 
is  yellow,  with  large,  dark  brown  blotches,  or  dark  brown  with  the  borders 
of  the  shields  yellow. 

“The  suture  between  the . gular  shields  is  longer  than  that  between 
the  pectorals,  and  that  between  the  anal  shields  is  nearly  as  long  as  the 
distance  which  separates  them  from  the  plastral  hinge.” 

An  example  in  the  author’s  possession  has  four  claws  on 
the  hind  foot. 

Terrapene  nelsoni  Stejneger 
Nelson’s  Box  Turtle 

Terrapene  nelsoni,  Stejneger,  Journal  of  the  Washing- 
ton Academy  of  Sciences,  Vol.  15,  No.  20,  December,  1925. 

Stejneger’s  original  description  follows: 

“ Diagnosis. — Nostrils  vertically  oval,  close  together,  not  vis- 
ible in  side  view  of  head ; hind  feet  with  four  claws ; three  phal- 

*While  the  description  is  not  in  the  usual  form  of  presentation  of  a new  species,  there 
appears  to  be  no  former  outline  of  yucatana.  Siebenrock  in  his  synopsis  of  the  recent  turtles 
cites  this  reference  as  the  original. 
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anges  in  middle  digit  of  fore  foot;  carapace  with  a median  keel 
anteriorly ; digits  scarcely  webbed ; no  bony  temporal  arch ; upper 
jaw  hooked,  not  notched  in  the  middle;  first  marginal  lamina 
almost  as  long  as  width  of  first  central  lamina;  length  of  first 
central  equals  width  of  third  central ; fourth  central  shorter  than 
width,  shorter  than  first. 

“Type. — U.  S.  National  Museum  No.  46252;  adult. 

“Type  locality. — Pedro  Pablo,  Tepic,  Mexico;  2500  feet  al- 
titude. 

“The  type  is  unique  and  is  one  of  two  specimens  of  box 
turtles,  the  only  ones  obtained  by  Dr.  E.  W.  Nelson  and  E.  A. 
Goldman  during  their  many  years  of  collecting  in  Mexico.  It  is 
dedicated  to  Dr.  E.  W.  Nelson,  Chief  of  the  U.  S.  Biological 
Survey,  in  recognition  of  the  splendid  work  done  by  him  and  his 
organization  in  making  known  the  vertebrate  fauna  of  that 
country.,, 

The  photographic  illustrations  of  this  species  were  received 
from  the  United  States  National  Museum,  through  the  courtesy 
of  Dr.  Leonhard  Stejneger. 

Terrapene  goldmani  Stejneger 
Goldman's  Box  Turtle 

Terrapene  goldmani,  Stejneger,  Proceedings  of  the  Bio- 
logical Society  of  Washington,  Vol.  46,  pp.  119-120,  June 
30,  1933. 

Stejneger’s  original  notes  and  description  follow: 

r 

“The  following  description  has  been  held  back  for  many 
years  in  the  hope  of  obtaining  additional  material.  However,  box 
turtles  appear  to  be  so  rare  in  Mexico  that  it  is  deemed  advisable 
to  make  the  present  one  known  now,  although  based  on  a single 
specimen  only.  * * * 

“Diagnosis. — Nostrils  oval,  very  close  together;  hind  feet 
with  three  toes,  clawed ; three  phalanges  in  middle  digit  of  fore 
foot;  digits  scarcely  webbed ; no  bony  zygomatic  arch ; upper  jaw 
hooked,  not  notched ; first  marginal  much  shorter  than  width  of 
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first  central  at  middle;  length  of  first  central  equals  width  of 
third  central;  fourth  central  longer  than  wide,  as  long  as  first; 
interhumeral  seam  more  than  two-thirds  the  length  of  inter- 
pectoral seam ; color  above  and  below  nearly  uniform  ‘clay-color’ 
with  well-defined  broad  dark-brown  margins  to  each  lamina  along 
the  seams. 

“Type. — U.  S.  National  Museum,  No.  46251 ; ad.  fern. 

“Type  locality. — Chijol  (or  Chijoles),  southeastern  corner 
of  the  State  of  San  Luis  Potosi,  Mexico ; in  the  coast  plain. 

“Collectors. — E.  W.  Nelson  and  E.  A.  Goldman,  May  11, 
1898. 


Dimensions  in  mm. 


Length  of  carapace  (straight  line) 151 

Width  of  carapace  (at  7th  marginal) 110 

Length  of  plastron  (straight) 144 

Width  of  plastron  (at  middle  of  femorals) 88 

Anterior  plastral  lobe 61 

Posterior  plastral  lobe 87 

Height  of  body  (at  2-3  centrals) 75 

Length  of  first  marginal 18 

Length  of  first  central 36 

Width  of  first  central  at  middle 33 

Width  of  third  central 36 

Length  of  fourth  central 36 

Width  of  fourth  central 32 

Interhumeral  seam  17 

Interpectoral  seam  23 

Eye  to  nostril 6.5 

Diameter  orbit 9.5 

Width  of  head 22 


“Named  in  honor  of  Major  E.  A.  Goldman  of  the  U.  S. 
Biological  Survey  in  recognition  of  his  splendid  work  in  the 
exploration  of  the  Mexican  fauna.” 

The  photographic  illustrations  of  goldmani  were  received 
from  the  United  States  National  Museum,  through  the  courtesy 
of  Dr.  Leonhard  Stejneger. 

Summary:  With  the  species  of  Terrapene  viewed  collec- 
tively, the  present  status  of  this  genus  would  appear  to  be  rather 
provisional.  Additional  material  may  indicate  interesting  dis- 
closures in  intergradation.  The  standing  of  triunguis,  with  its 
possible  close  relationship  to  Carolina,  and  the  same  condition 
with  bauri  and  major,  may  be  altered  with  extended  examination 
of  further  specimens.  Certain  it  is,  that  the  preparation  of  a key 
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to  the  box  turtle  genus  now  presents  a problem.  With  Lonnberg’s 
dispute  of  the  old  mainstay — the  zygomatic  arch — as  a staple 
character  for  diagnosis,  the  recently  shown  tendency  for  bauri 
to  possess  either  three  or  four  claws  on  the  hind  foot,  for  web- 
bing to  vary,  number  of  phalanges  not  to  hold  good,  '‘notched” 
or  “not  notched”  upper  mandible  to  be  dubious  points  for  sub- 
division of  a key,  entirely  new  points,  not  at  the  present  evident, 
must  be  defined. 


j- 
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TERRAPENE  CAROLINA. 

Fig.  1.— (Upper)  Male,  from  Palisades  of  the  Hudson,  near  Fort  Lee,  New  Jersey.  The 
strong,  orange-yellow  markings  on  head  and  forelimbs  are  commonly  noted  on  male  examples, 
and  the  eyes  are  usually  bright  red. 

Fig.  2.— (Lower)  Female,  from  same  locality  as  upper  specimen,  with  E-like  markings  on 
shell,  a frequent  pattern  among  eastern  examples. 
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Fig.  3.— (Upper)  Male,  from  Westchester  County,  New  York,  with  paler  markings  pre- 
dominating. 


Fig.  4.—  (Lower ) Female,  from  Palisades  of  the  Hudson,  near  Fort  Lee,  New  Jersey, 
showing  reverse  of  amount  of  yellow  markings  from  specimen  above,  including  absence  of 
markings  on  head  and  limbs. 


TERRAPENE  CAROLINA 
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TERRAPENE  CAROLINA 

Figs.  5 & 6.- (Upper)  Female,  with  flare  at  posterior  margin  of  carapace,  compared  with 
female  {lower),  with  practically  no  flare.  Shell  flare  is  particularly  evident  among  males,  but 
variable  from  pronounced  extent,  to  slight  trace  of  it.  Both  examples  from  Westchester 
County,  New  York. 
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Fig.  7.—  {Upper)  Male,  from  Westchester  County,  New  York. 

Fig.  8 .—{Lower)  Female,  from  north  shore  of  Long  Island  (near  Gardiner  Island).  The 
carapace  is  so  sharply  declivitous  as  to  produce  a particularly  globular  aspect.  The  markings 
are  unusual. 


TERRAPENE  CAROLINA 
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TERRA PE NE  CAROLINA 

Figs.  9 & 10.— Both  examples  were  collected  on  the  Palisades  of  the  Hudson,  near  Fort 
Lee,  New  Jersey.  They  illustrate  the  wide  variation  in  markings  among  box  turtles  observed 
in  immediate  proximity. 
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TERRAPENE  TRIUNGUIS 

Fig.  11.— (Upper)  From  Imboden,  Arkansas.  The  species  is  variable  in  its  markings,  al- 
though there  is  a tendency  for  bands  of  bright  orange  on  the  snout  and  chin. 

Fig.  12.—  (Lower)  Female,  from  Imboden,  Arkansas.  Separate  example  from  above. 
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Fig.  IB.— (Upper)  Horn-colored  female,  from  Hammond,  Louisiana.  Yellowish  examples 
with  obscure  markings,  or  no  markings,  are  not  uncommon. 

Fig.  14.—  (Lower)  Plastron  of  the  example  shown  above.  The  plastron  varies  from  well- 
marked,  to  sparse  cloudings.  Note  the  pale  bands  on  upper  and  lower  mandibles. 
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TERRAPENE  MAJOR 

Fig.  15 .—  {Upper)  Female,  collected  near  New  Orleans,  Louisiana. 

Fig.  1(3.—  (Lower)  Female,  same  locality  as  above,  with  more  typical  markings,  showing 
the  inclination  for  the  yellow  spots  or  bands  to  be  rather  symmetrically  radial,  particularly 
with  examples  from  easterly  parts  of  the  range. 
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TERRAPENE  MAJOR 

Fig.  17.— (Upper)  Yellow  female,  without  markings,  collected  near  New  Orleans,  Louisi- 
ana. There  is  a common  tendency  with  major,  at  least  in  the  central  part  of  its  range,  for  the 
occurrence  of  horn-colored,  olive,  or  yellowish  specimens. 

Fig.  18 .—  (Lower)  Examples  from  Louisiana.  The  plastron  is  usually  yellowish  or  olive, 
with  no  markings  except  narrow  darkening  at  sutures  between  the  shields. 
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TERRAPENE  BAURI 

Fig.  19.— (Upper)  Bauri  may  be  grossly  defined  by  its  elongated,  radial  markings.  The 
chin  is  yellowish,  the  head  dark  and  often  with  two  bands  behind  the  eye.  Example  from 
Marion  County,  Florida. 

Fig.  20 .—  (Lower)  From  Marion  County,  Florida.  Note  difference  from  upper  figure  in 
shell  flare.  This  is  usually  more  pronounced  with  males,  but  in  indicating  sex  does  not  always 
hold  good. 
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TERRAPENE  BAURI 

Fig.  21  . — {Upper)  Common  type  of  markings,  with  yellow  or  greenish-yellow,  elongated 
and  sharply  defined  bands.  Marion  County,  Florida. 

Fig.  22 .—  (Lower)  The  head  with  yellowish  chin,  is  typical  of  bauri,  but  the  crowded  and 
broken  markings  are  more  like  major.  Marion  County,  Florida. 
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TERRAPENE  BAVRI 

Fig.  23.— There  is  much  variation  in  the  presence  of  dark,  parallel  markings  on  the 
plastron.  The  concavity  on  the  plastron  of  upper,  right  figure  is  typical  of  the  males  of  all 
box  turtles.  The  female,  at  lower  left,  has  four  claws  on  the  hind  foot.  All  examples  are  from 
Marion  County,  Florida. 
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TERRAPENE  ORNATA 

Fig.  24.—  {Upper)  Commonly  marked  example.  Female,  collected  near  Amarillo,  Texas. 
Fig.  25.—  {Lower)  Female,  from  Amarillo,  Texas.  The  markings  in  this  instance  are  strik- 
ingly similar  to  the  widely  separated  (geographically)  T.  bauri. 
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TERRAPENE  ORNATA 

Figs.  26  & 27.— Markings  on  the  plastron  vary.  Either  the  ground  color  or  the  yellow  bands 
predominate. 


TERRAPENE  MEXICAN  A 
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TEBRAPENE  YUCATANA 

Figs.  29  & 30.— The  photographs  relate  to  the  same  individual.  It  is  apparently  quite  old, 
as  indicated  by  the  smooth  shell.  The  coloration  is  dull  olive,  with  a smokey  hue  at  the  sutures. 
Collected  near  Tampico,  Mexico. 
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TERRAPENE  NELSONI 

Figs.  31  & 32.— The  type  specimen,  from  Pedro  Pablo,  Tepic,  Mexico,  at  2,500  feet  elevation. 
Photographs  from  the  United  States  National  Museum,  through  the  courtesy  of  Dr.  Leonhard 
Stejneger. 
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TERRAPENE  NELSONI 

Fig.  33.— The  type  specimen,  from  Pedro  Pablo,  Tepic,  Mexico,  at  2,500  feet  elevation. 
Photograph  from  the  United  States  National  Museum,  through  the  courtesy  of  Dr.  Leonhard 
Stejneger. 
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TERRAPENE  GOLDMANI 

Figs.  34  & 35.— The  type  specimen,  from  Chijol  (or  Chijoles),  southeastern  corner  of  the 
State  of  San  Luis  Potosi,  Mexico;  in  the  coast  plain.  Photographs  from  the  United  States 
National  Museum,  through  the  courtesy  of  Dr.  Leonhard  Stejneger. 
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TERR  APE NE  GOLDMAN  I 

Fig.  36.— The  type  specimen,  from  Chijol  (or  Chijoles),  southeastern  corner  of  the  State 
of  San  Luis  Potosi,  Mexico;  in  the  coast  plain.  Photograph  from  the  United  States  National 
Museum,  through  the  courtesy  of  Dr.  Leonhard  Stejneger. 


1934] 


Ditmars:  A Review  of  the  Box  Turtles 


43 


Fig.  37.— Young  box  turtles  hatched  October  8,  1932  and  photographed  January  15,  1933. 
(Specimens  in  the  collection  of  Miss  Marion  Bush.)  All  specimens  on  this  page  are  of 
T.  Carolina. 

Figs.  38  & 39.— From  egg  laid  June  21,  1932  and  hatching  September  21.  Photographed 
November  10,  the  same  year.  Mr.  William  R.  Potts,  who  made  the  observation  explains:  “About 
the  size  of  a nickel  at  time  of  hatching.  Was  taken  indoors  and  when  photographed  fifty  days 
after  hatching,  had  increased  about  one  hundred  per  cent  in  size.”  The  lower  figure  shows  the 
plastron  of  the  same  specimen,  with  characteristic  marking  of  young  examples. 
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Young  Adult  and  Old  Examples  of  TERRAPENE  CAROLINA 
Fig.  40.—  (Upper)  Specimen  hatched  October  9th,  1927,  from  egg  laid  the  preceding  June 
22nd.  Photographed  in  January  1933,  having  attained  adult  dimension  in  approximately  five 
years.  The  rings  of  annual  growth,  on  the  shields  of  the  carapace,  are  clearly  apparent. 
(Collection  of  Marion  Bush.) 

Fig.  41.—  (Lower)  Example  under  observation  for  twenty-seven  years,  in  a farm  house,  in 
Westchester  County,  New  York.  It  was  full  grown  when  first  captured.  The  abnormal  upper 
mandible,  and  elongated  claws  may  be  accounted  for  by  the  specimen  having  been  kept 
mostly  indoors. 
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